SERIKS  OF  NATIONAL  SCHOOL  BOOKS. 


A    TEEATISE 


ON 


MENSURATION, 


FOR  THE  USE  OF  SCHOOLS. 


AUTHORISED  BY  THE  COUNCIL  OF  PUBLIC  INSTRUC- 
TION FOE  UPPER  CANADA, 


TORONTO : 

PUBLISHED   BY   R.   McPHAIL, 

05  Knio  Stbebt  Eabt. 

1866. 


PREFACE  TO  SECOND  EDITION. 


To  this  Edition  there  is  an  Appendix  printed  in  a  sepa- 
rate form,  for  the  use  of  teachers,  coutaiuiug  the  leading 
properties  of  the  Conic  Sections,  and  the  Demonstrations 
of  the  Rules  of  Mensuration.  These  were  in  the  First  Edi- 
tion, interspersed  through  the  work,  partly  interwoven  with 
the  text,  and  partly  in  the  shape  of  notes.  It  is  hoped  that 
the  present  arrangement  will  better  suit  the  convenience  of 
both  teachers  and  pupils.  Several  other  alterations  have 
been  made,  which,  it  is  hoped,  will  be  found  to  be  improve- 
ments. 

Teachers  should  direct  their  pupils  to  learn  only  such 
portions  of  the  work  as  may  be  necessary  for  their  intended 
occupations  :  for  most  pupils,  the  first  and  second  sections, 
and  a  few  problems  in  the  fourth  and  sixth  will  be  quite  saf- 
fioient. 
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MENSURATION. 


SECTION  I. 


PRACTICAL  GEOMETRY. 

DEFINITIONS. 

1.  Geomitry  teaches  and  demonstrates  the  properties  of 
all  kinds  of  magnitode  or  extension;  as  solids,  surfaces, 
Iine«,  and  angles. 

2.  Geometry  is  divided  into  two  parts,  theoretical  and 
practical.  Theoretical  Geometry  treats  of  the  various  pro- 
perties of  extension  abstractedly;  and  Practical  Geometry 
applies  these  theoretical  properties  to  the  various  purposes 
of  life.  When  length  and  breadth  only  are  considered,  the 
science  which  treats  of  them  is  called  Plane  Geometry;  but 
when  length,  breadth,  and  thickness  are  considered,  the 
Kteaoe  which  treats  of  them  is  called  Solid  Geometry. 


3.  A  Solid  ia  a  figure,  or  a  body,  having 
three  dimensions,  vix.,  length  breath,  and 
thickness;  as  A. 


The  boondaries  of  a  solid  are  surface  or  superficies. 
1 
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4.  A  Superficies,  or  surface,  has  length 
and  breadth  only;  as  B. 


B 


B 


The  boundaries  of  a  superficies  are  lines. 

5.  A    Line    is     length    without 
breadth,  and  is  formed  by  the  mo-        ^ 
tion  of  a  point;  as  C  B. 

The  extremities  of  a  line  are  points. 

6.  A  Straight  or  Right  Line  is  the  shortest  distance  be- 
tween two  points,  and  lies  evenly  between  these  two  points. 

1.  A  Point  is  that  which  has  no  parts  or  magnitude;  it  is 
indivisible;  it  has  no  length,  breadth  or  thickness.  If  it 
had  length,  it  would  then  be  a  line;  were  it  possessed  of 
length  and  breadth,  it  would  be  a  superficies;  and  had  it 
length,  breadth,  and  thickness,  it  would  be  a  solid.  Hence 
a  point  is  void  of  length,  breadth,  and  thickness,  and  only 
marks  the  position  of  their  origin  or  termination  in  every 
instance,  or  of  the  direction  of  a  line. 

8.  A  Plane  rectilineal  Angle  is 
the  inclination  of  two  right  lines, 
which  meet  in  a  point,  but  are  not  in 
the  same  direction;  as  S. 

9.  One  angle  is  said  to  be  less 
than  another,  when  the  lines  which 
form  that  angle  are  nearer  to  each 
other  than  those  which  form  the 
other,  measuring  at  equal  distances 
from  the  points  in  which  the  lines 
meet.  Take  B«  Bw,  Ez,  and  En, 
equal  to  one  another;  then  if  m  n 
be  greater  than  x  n,  the  angle  ABC 
is  greater  than  the  angle  FED.  By 
conceiving  the  point  A  to  move  to- 
wards C,  till  m  n  becomes  equal  to 
X  n,  the  angles  at  B  and  E  would 
then  be  equal;  or  by  conceiving  the 

point  P  to  recede  from  D,  till  x  n  becomes  equal  to  m  n, 
than  the  angles  at  B  and  E  would  be  equal. 
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Hence  it  appears  that  the  nearer  the  extremities  of  the 
lines  forming  an  angle  approach  each  other,  while  the  point 
at  which  they  meet  remains  lixed,  the  less  the  angle;  and 
the  farther  the  extreme  points  recede  from  each  other,  the 
vertical  point  remaining  fixed,  as  before,  the  greater  the 
angle. 

10.  A  Circle  is  a  plane  figure  contained 
by  (Jne  line  called  the  circumference,  which 
is  every  where  equally  distant  from  a  point 
within  it,  called  its  centre,  as  o  ;  and  an  arc 
of  a  circle  is  any  part  of  it«  circumference; 
as  AB. 

11.  The  magnitude  of  an 
angle  does  not  consist  in  the 
length  of  the  lines  which  form 
it:  the  angle  CBG  is  less  than 
the  angle  ABE,  though  the 
lines  CB,  GB  are  longer  than 
AB,  EB. 

12.  When  an  angle  is  expressed  by  three  letters,  as  ABE, 
the  middle  letter  always  stands  at  the  angular  point,  and  the 
other  two  any  where  along  the  sides;  thus  the  angle  ABB 
is  formed  by  AB  and  BE.    The  angle  ABG  by  AB  and  GB. 

13.  In  equal  circles,  angles  have  the  same  ratio  to  each 
other  as  the  arcs  on  which  they  stand,  (33.  vi.)  Hence 
also,  in  the  same,  or  equal  circles,  the  angles  vary  as  the 
arcs  on  which  they  stand;  and  therefore  the  arcs  may  be 
assumed  a&  proper  measures  of  angles.  Every  angle  then  is 
measured  by  an  arc  of  a  circle,  described  about  the  angular 
point  as  a  centre  ;  thus  the  angle  ABE  is  measured  by  the 
arc  AE  ;  the  angle  ABG  by  the  arc  AF. 

14.  The  circumference  of  every  circle  is  generally  divided 
into  360  equal  parte,  called  degrees;  and  every  degree  into 
60  equal  parts,  called  minutes;  and  each  minute  into  60 
equal  parts,  called  seconds.  The  angles  are  measured  by  the 
number  of  degrees  contained  in  the  arcs  which  subtend 
them,  thus,  if  the  arc  AE  contain  40  degrees,  or  the  ninth 
part  of  the  circumference,  the  angle  ABE  is  said  to  measmre 
40  degrees. 
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15.  When  a  straight  line 
HO,  standing  on  anotlier  AB, 
makes  the  angle  HOA  equal 
to  the  angle  HOB,  each  of 
these  angles  is  called  a  right 
angle;  and  the  line  HO  is 
said  to  be  a  perpendicular  to 
AB.  The  measure  of  the 
angle  HOA  is  90  degrees,  A 
or  the  fourth  part  of  360  degrees 
90  degrees. 

16.  An  acute  angle  is  less  than  a  right  angle;  as  AOGr, 
or  GOH. 

17.  An  obtuse  angle  is  greater  than  a  right  angle;  as 
GOB. 


0  .   B 

Hence  a  right  angle  is 


18.  A  plane  Triangle  is  the  space  en- 
closed by  three  straight  lines,  and  has  three 
angles;  as  A. 


19.  A  right  angled  Triangle,  is 
that  which  has  one  of  its  angles 
right;  as  ABC.  The  side  BC,  op- 
posite the  right  angle,  is  called  the 
hypothenuse;  the  side  AC  is  called 
the  perpendicular;  and  the  side  AB 
is  called  the  base. 


20.  An  ohtnse  a/ngled  Triangle  has  one 
of  its  angles  obtuse;  as  the  triangle  B, 
which  has  the  obtuse  angle  A. 


21.  An  acute  angled  TriangWhas  all  its  three  angles  acute, 
as  in  figure  A,  annexed  to  Deiiaitiou  18. 
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22.  An  tquUaieral  Triangle  has  its 
luree  sides  equal,  and  also  its  three 
angles;  as  C. 


,     23.  An  isosceles  Triangle  is  that  which 
has  two  of  its  sides  eqoal ;  as  D. 


24.  A  scalene  Triangle   is   that  which 
has  all  its  sides  aueqaal;  as  £. 


25  A  quodrilaferal  figure  is  a  space  included  by  four 
•U^ht  iiues.  If  iu  four  augles  be  right,  it  is  called  a  rec- 
tangular parallelogram. 

26.  A  Parallelogram  is  a  plane  figure  boanded  by  four 
straight  lines,  the  opposite  ones  being  parallel ;  that  is,  if  pro- 
duced ever  so  far,  would  never  meet. 


27.  A  ■-;  a  four-sided  fig-ure, 

having  :  it-s  equal,  and  all  its 

angles  right  angles ;  as  H. 


28.  An  Ohlong,  or  rectangle,  is  a 
right-angled  parallelogram,  whose 
length  exceeds  its  breadth  ;  as  I. 


M.  A  RJumdnu  is  a  parallelogram 
haring  all  ita  aidet  equal,  but  its 
auglea  not  right  angles  ;  as  K. 


6 
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M 


30.  A    Rhomboid    is    a   parallelo-. 
gram  having  its  opposite  sides  equal,  v" 
but  its  angles  are  not  right  angles,    ^ 
and  its  length  exceeds  its  breadth; 
as  M. 

31 .  A  Trapezium  is  a  figure  included 
by  four  straight  lines,  no  two  of  which 
are  parallel  to  each  other;  as  N. 

A  line  connecting  any  two  of  its  opposite  angles,  is  called 
a  diagonal. 

32.  A  Trapezoid  is  a  four-sided  figure 
having  two  of  its  opposite  sides  parallel ; 
as  F. 

33.  Multilateral  Figures,  or  Polygons,  are  those  which 
have  more  than  four  sides.  They  receive  particular  names 
from  the  number  of  their  sides.  Thus,  a  Pentagon  has  five 
sides;  a  Hexagon  has  six  sides;  a  Heptagon,  seven  ;  an  Octa- 
gon, eight;  a  Nonagon,  nine;  a  Decagon,  ten;  an  tindecagon, 
eleven;  and  a  Dodecagon  has  twelve  sides. 

If  all  the  sides  of  each  figure  be  equal,  it  is  called  a  regular 
polygon;  but  if  unequal,  an  irregular  polygon. 

34.  The  Diameter  of  a  circle  is  a  straight  line  passing 
through  the  centre,  and  terminated  both  ways  by  the  circum- 
ference; thus  AB  is  the  diameter  of  the  circle.  The  diameter 
divides  the  circle  into  two  equal  parts, 
each  of  which  is  called  a  semicircle; 
the  diameter  also  divides  the  circum- 
ference into  two  equal  parts,  each 
containing  180  degrees.  Any  line 
drawn  from  the  centre  to  the  circum- 
ference is  called  the  radius,  as  AO, 
OB,  or  OS.  If  OS  be  drawn  from 
the  centre  perpendicular  to  Al?,  it 
divides  the  semicircle  into  two  equal  parts.  AOS  and  BOS, 
each  of  wliicii  is  called  a  quadrant,  or  one  fourth  of  the  circle; 
and  the  arcs  AS  and  BS  contain  each  90  degrees,  and  they 
are  said  to  be  the  measure  of  the  angles  AOS  and  BOS. 
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35.  A  S*cii>r  of  a  circle,  is  a  part  of  the  circle  compre- 
hended uuder  two  Radii,   not  forming 
one  line,  and  the  part  of  the  circuni-   Ay^  \ 

ference  between  them.  From  this 
definition  it  appears  that  a  sector 
may  be  either  greater  or  less  than 
a  seinicircle;  thus  A  O  B  is  a  sector, 
and  is  less  than  a  semicircle  ;  and 
the  remaining  part  of  the  circle  is  a 
sector  al«>o,  but  is  greater  than  a  semi- 
circle. 

3(».  A  Chord  of  an  arc  is  a  straight  line  joining  its  extre- 
mities, and  is  less  than  the  diameter;  T  S  is  the  chord  of 
the  arc  T  H  S,  or  of  the  arc  TABS. 

31.  A  Segmmt  of  a  circle  is  that  part  of  the  circle  con- 
tained l)etween  the  chord  and  the  circumference,  and  may  be 
either  greater  or  less  than  a  semicircle;  thus  T  S  II  T  and 
TABS  T  are  segments,  the  latter  being  greater  than  a 
semicircle  and  tiie  former  less. 


88.  Concent  ric  Circles  are  those 
having  the  *;ame  centre  and  the  space 
included  between   their  circumferences 


is  called  a  ring:  as  F  E. 


PROBLEM  I. 

To  bisect  a  given   straight    line  A  B;    that   ix,  to  divide  it 
iiito  two  equal  parts. 


From  the  centres  A  and  B,  with 
any  radius,  greater  than  half  the 
given  line  A  B,  describe  two  arcs 
intersecting  each  other  at  O  and  S, 
then  tin-  liiii'  io.'iuiiT  O  K  will  lii)icc't 
A  B 
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PROBLEM  II.  »» 

Thrcnigh  a  given  point  x  to  dro/w  a  straight  line  C  D  'parallel 
to  a  given  straight  line  A  B. 
In    A    B    take    any   point   s  ^  y 

and  with  the  centre  5  and  ra- 
dius s  X  describe  the    arc  0  2;; 
with    X   as    a    centre    and    the  . 
same  radins   s    x,  describe   the  -^      <?  8 

arc  a  y.     Lay  the  extent  0  x  taken  with  the  compasses  from 
.V  to  ?/;  through  x  y  draw  C  D,  which  will  be  parallel  to  A  B. 

PROBLEM  III. 
To  draw  a  straight  line   C  D  parallel  to  A  ^  and  at  a  given 
distance  F  from  it. 
In  A  B  take  any 

5  r  Tk 


C- 


JC 


B 


two  points  x  f  ; 
and  from  the  two 
points  as  centres 
with  the  extent  V 
taken  with  the  com- 
passes, describe  two  A 
arcs,      *•,      r,-     thoi 

draw    a    line     C   D  F 

toiicliing  these  arcs  at  r  and  s,  and  it  will   be  at  the  given 
distance  from  A  B,  and  parallel  to  it. 

PROBLIOM  IV. 
To  divide  a  straight  tine  A  B  into  any  number  of  equal  parts. 
Draw  A  K  making  any  angle  with  A  B;  and  through  B 
draw  B  T  parallel  to  A  K;  take  any  part  A  E  and  repeat  it 
as   often   as   there    are 
parts  to  be  in  A  B,  and 
from  the  point  B  on  the 
line  B  T,  take  B  I,  I  S, 
S  V,  and  V  T  equal  to 
the  parts  taken  on  the 
line    A    K  ;    then    join 
AT,  EV,  GS,  Hl.and 
KB,   wliich  will    divide 
th(!   line  A  B   into  the 
n(unl)t;r  of  equal  parts  required,  as  A  C,  CD,  D  F,  F  B. 
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PROBLEM  V. 

From   a  girtn  point  P   in   a   straig/tt   liiu  A  B   /o  erect  a 
perpendicular. 

1.  W7it»  tht  given  point  is  in,  or  near  the  middle  of  the  line. 

D 


\ 


^      P     y 


B 


On  each  side  of  the  point  P  take 
'  (jual  portions   V  x,  P  f ;   and  from  "^v 

the    centres,  x,  f,   with    any   radius  y 

preattT  than  P  x,  describe  two  arcs, 
cutting  each  other  at  D;   then  the 

line  joining  D  P  will  be  perpendicular      .    

to  A  B. 

Or  thus  : 

From  the  centre  P,  with  any 
"adius  P  n  describe  an  arc  n  x  y, 
-i  off  the  distance  P  «  from  n 
lo  X,  and  from  i  to  y;  then  from 
the    jioiuts    X    and    y   with    the  np 

game   or   any   otiier    radius,    de-  ./' 

scribe  two  arcs  intersecting  ea«h 
other  at  I);  then  the  line  joining 

the  point*  I)  and  P  will  be  per-     A ' dr"""  B 

peodicular  to  A  B.  " 

2.    IVAen  the  point  V  is  at  the  end  of  t/te  line. 


/ 


y 


From  any  centre  q  out  of 
the  line,  aud  with  the  distance 
y  B  aB  radius,  deacrilje  a  circle, 
cutting  A  B  in  p  draw  p  y  O; 
and  the  line  joining  the  points 
O,  B,  will  be  perpendicular  to 
AB. 
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Or  thus  : 

Set  one  leg  of  the  compasses 
on  B,  and  with  any  extent  B  f 
describe  au  arc  f  x  •,  set  off  the 
same  extent  from  _p  to  9;  join 
f  q;  from  ^  as  a  centre,  with  the 
extent  j?  5^  as  a  radius,  describe  an 
arc  ?•;  produce  -p  q  to  r,  and  the 
line  joining  r  B  will  be  perpen- 
dicular to  A  B. 


%^' 


r 

X 


B 


PROBLEM  VI. 

Frmn  a  given  point  D  to  Id  fall  a  perpendicular  upon  a  given 
line  A  B. 

1,   When  the  point  is  nearly  opposite  the  middle  of  tlix.  given 

line. 


From  the  centre  D,  with 
any  radius,  describe  an  arc 
X  y,  cutting  A  B  in  x  and  y, 
from  X  and  y  as  centres,  and 
with  the  same  distance  as 
radius,  describe  two  arcs 
cwifcting  each  other  at  S  ; 
tli«BL  the  line  joining  I) 
and  8  will  be  perpendicular 
to  A  B. 


J> 


X 


^..-'.y 


B 
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JVitH  the  point  is  nearly  opposite  the  end  of  the  given  line, 
tmd  vAfii  tAe  gictn  Une  cannot  be  convenittitly  produced. 


Draw  any  line  D  x,  which 
bisect  in  o  ;  from  0  as  a  ceutre 
with  the  raidius  0  x  describe  au 
uro  cutting  A  B  in  y  ;  then  the 
iue  joiuiug  D  y  will  be  perpen- 
Gicular  to  A  B. 


"3c- 


^ 


7-B 


PROBLEM  VII. 

To  draw  a  perpendicular  from 
any  angle  of  a  triangle  ABC, 
to  its  opposite  side. 

Bisect  either  of  the  sides  con- 
ta'  .  *'  e  augle  from  which  the 
J'  .!ar  is  to  be    drawn,  as 

li  L  ;u  the  ix)int  r;  then  with  the 
radius  r  C,  and  from  the  centre  r, 
det»cribe  an  are  cutting  A  li,  (or 
A  B  produced  if  necessary,  as 
In  the  second  figure,)  in  the  point 
P;  the  line  joining  C  P  will  be 
perpeodicalar  to  A  B,  or  to  A  B 
produced. 


PROBLEM  VIII. 
Upon  a  given  right  line  to  A.  B  to  describe  an  equilateral  triangle. 

From  the  centres  A  and   B,  with  ^  ^ 

the  given  line  A  B  as  radius,  describe 
two  arc»j  cutting  each  other  at  C;  then 
the  lines  drawn  from  the  point  C  to 
Ihe  points  A  and  B  will  form,  with 
Mm  given  line  A  B,  au  eqiulaterul  tri- 
angle, as  A  B  C. 
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PROBLEM  IX. 

To  make  a  triangle  whose  sides  shall  be  exjihal  to  three  given 
right  lilies  A  B,  AD,  aiid  B  D. 


From  the  centre  A  with  the  extent 
A  D,  describe  an  arc,  and  from  the 
centre  B  with  the  radius  B  D  describe 
another  arc  cutting  the  former  at  D  ; 
then  join  DA,  D  B,  and  the  sides 
of  the  triangle  A  B  D  will  be  respec- 
tively equal  to  the  three  given  right 
lines. 


PROBLEM  X. 

Two  sides  A  B  avd  "B  G  of  a  right- 
angled  triangle  being  given,  to  find 
the  hypolhenuse. 

Place  B  C  at  right  angles  to 
A  B  ;  draw  A  C,  and  it  will  be  the 
hypotbenuse  required. 


A^ 


B 


B 


PROBLEM  XI. 

The  hypot/miuse  A  B,  and  one  side  AC,  of  a  right  angled 
triangle  being  given,  to  find  the  other  side. 

Bisect  A  B  in  a; ;  with  the 
centre  x,  and  2;  A  as  radius, 
describe  an  arc;  and  with  A  as 
a  centre,  and  A  C  as  radius,  de- 
scril)e  another  arc  cutting  the 
former  at  C;  then  join  A  C  and 
C  B;  and  ABC  will  be  a  right- 
angled  triangle,  and  B  C  tlie  re- 
quired side. 


A 


PRACTICAL   GEOMETRY. 
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PROBLEM  XII. 
To  bisect  a  girm  angle;  that  is;  to  divide  it  into  two  equal  parts. 

Let  A  C  B  be  the  angle  to  be 
bisected. 

From  C  08  a  centre,  with 
auy  radius  C  z,  deserilie  the 
arc  X  y;  from  the  |>oiiits  x  aud 
y  as  centres,  witli  the  same  ra- 
dius, des<rribe  two  ares  cuttiiij^ 
each  other  at  O  ;  join  (>  C, 
and  it  will  bisect  the  angle  A 
f  R 

PROBLEM  XIII. 

At  a  given  point  A  in  a  gireu  right  line  A  B  to  make  a  angle 

eqiud  to  the  giren  angle  C. 


From  the  centre  C  with  any  ra- 
diiu  0  y,  descrilje  an  arc  x  y;  and 
from  the  centre  A,  with  the  same  ra- 
dius describe  another  arc,  on  which 
take  the  distance  ui  u  equal  to  x  y\ 
then  a  line  drawn  from  A  through 
m  will  make  the  angle  in  A  n  equal 
to  the  angle  x  C  y. 


PROBLEM  XIV. 
To  maJie  an  angle  containing  any  proposal  number  of  degrees. 

1.    IVhen  the  required  angle  is  lest  tlian  a  quadrant,  as  40 
degrees. 
Take  in  the  corapawes  the  extent  of  00  degrees  from  the 
line  of  cbordK,  marked   cho.  on    the   scale;    and  with  this 
chord  of  60  degrees  as  radiuH,  and 
the  centre  A,  describe  an  arc  x  y; 
take  from  the  line  of  chords  40  de- 
grees, which   set   off  from  n  to  m; 
from    A   draw   a   line    through    m; 
and  the  angle  m   A    «   will  ronluiu 
40  degrees. 


li 


I'lU CTl CAI,    a KOM KTRY. 


2.    V/heii  the   required  angle  is  greater  than  a  rjuadrant,  as 
120  degrees. 

From  the  centre  o,  with  the 
chord  of  60  degrees  as  radius, 
describe  the  semicircle  y  x  n  B; 
set  off  the  chord  of  90  degrees, 
from  B  to  n,  and  the  remaining 
30   degrees   from   n   to    x;    join 

o  .r;  and  the  angle  Box  will  contain  120  degrees;  or  sub- 
tract 120  from  180  degrees,  and  set  off  the  remainder  (60 
degrees)  taken  from  the  line  of  chords  from  y  to  x;  then  join 
X  0,  and  B  o  x  will  contain  120  degrees  as  before. 

PROBLEM  XV. 

An  angle  being  given,  to  find,  by  a  scale  of   chords.^  how  many 

degrees  it  contains. 

From  the  vertex  A  as  centre, 
with  tlie  chord  of  60  degrees' as 
radius,  describe  an  arc  x  y;   take 


the  extent  x  y  with  the  compasses, 
and  setting  one  foot  at  the  begin- 
ning of  the  line  of  chords,  the  other  leg  will  reach  to  the 
number  of  degrees  which  the  angle  contains  :  but  if  the  ex- 
tent X  y  should  reach  beyond  the  scale,  find  the  number  of 
degrees  in  x  y,  which  deducted  from  ISO,  will  leave  the 
degrees  in  the  angle  Box.  See  figure  to  the  second  case 
of  the  last  Problem. 

PROBLEM  XYI. 
Upo7i  a  given  right  line  A  B,  to  construct  a  square. 
With  the  distance    A  B  as 
radius,  and  A  as  a  centre,  de- 
scribe  the   arc   E  D  B;   and 
with  the  distance  A  B  as  ra- 
dius, and  B    as    a   centre,  de- 
scribe the  arc  AFC,  cutting 
the  former  in  x  ;   make   x   E 
equal  to  .r  B;  join   E  B;  make 
X  C   and   x  D  each  equal  to 
A  F  or  F  x;   then  join  A  D,  D  C,  C  B,  and  A  D  C  ]>  will 
be  the  required  sijuarc. 


PRACTICAL   CEOMETKY. 
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Of  (hut 


Draw  B  C  at  right  angles  to 
A  1>,  and  equal  to  il  ;  then  from 
the  centres  A  and  C,  with  the 
radius  A  B  and  C  B,  describe  two 
an-s  cutting  each  other  at  D  ;  join 
D  A  and  D  C,  which  will  complete 
the  Aquare. 


PllOBLEM  XVII. 

To  iiuike  a  nrtanLntlar  jtarallelogram.  of  a  given  length  and 
breadth. 


Let  A  B  be  the  length,  and 
B  C  the  breadth. 

Erect  B  C  at  right  angles  to 
A  B;  through  C  and  A  draw 
C  D  and  A  D,  parallel  to  A  B 
a&dBC. 


D. 


A 
B 


B 


PROBLEM  XVIII. 
To  find  the  centre  of  a  given  circle. 


Draw  any  two  chords  A  C, 
C  B;  from  the  poiuta  A,  C,  B, 
a~  :tay  radios  greater 

ti:  iiue«,  describe  four 

•res  cattiag  in  r  x,  and  y  r, 
draw  r  x  and  y  v,  and  produce 
them  till  they  meet  in  O,  which 
^■ill  )i,'  ilu.  centre. 


16 


PRACTICAL    GEOMETRY. 


PROBLEM  XIX. 

Upon  a  given  right  line  A  B,  to  describe  a  rhombus  having 
an  angle  equal  to  a  given  angle  A. 

c  --* 


Make  the  angle  CAB  equal  to  the  angle  at  A  ;  make 
A  C  equal  to  A  B;  then  from  C  and  B  as  centres,  with  the 
radius  A  B  describe  two  arcs  crossing  each  other  at  D; 
ioin  D  C  and  D  B,  which  will  complete  the  rhombus. 

PROBLEM  XX. 

To  find  a  mean  proportional   between   two  gix^en  right  lines 

A  B  and  C  D. 

Place  A  B  and  B  C  in  one 
straight  line  ;  bisect  A  C  in 
o  ;  from  o  as  a  centre,  with 
A  0  or  0  C  as  radius,  describe 
a  semicircle  A  S  C;  erect  the 
perpendicular  B  S,  and  it  will  be  p^ 
a  meau  proportional  between 
A  B  and  B  C  ;  that  is  A  B  :  A 
B  S  ::  BS  :  B  C.  g q 

PROBLEM  XXL 

To  divide  a  given  right  Urn  A  B  into  two  such  parts,  as  sJiat 
be  to  each  other  as  x  o  to  o  f. 


From  the  point  A  draw 
A  S  equal  to  x  o,  and  pro- 
iuce  it  till  P  S  becomes 
I'qual  to  0  / ;  join  P  B, 
mid  draw  S  T  parallel  to 
F  B  ;  then  will  A  T  : 
T  B    ::  X  o  :  0  f. 


or— 


o 


-J 
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PROBLEM  XXII. 
To  find  a  third  proportional  to  two  given  right  lirus  A  B,  A  S. 

Place  A  B  and  A  S  80  as  to 
make  any  anjrle  at  A;  from  the 
c«'utre  A^  with  the  distance  A  S 
describe  the  arc  S  D;  then  draw 
1)  £  parallel  to  B  S,  and  A  x  will 
be  the  third  proportional  required; 
that  is,  AB  :  A  S  ::  AS  :  Ax. 

PROBLEM  XXIII. 

To  find  a   fourth   proportional  to   thru  given   right  lines, 
A  B,  A  C,  and  A  D. 


Place  the  rigot  lines  A  B 
and  A  C  60  as  to  make  any 
angle  at  A;  on  A  B  set  off 
A  I);  join  B  C;  and  draw 
D  S  parallel  to  it;  then  A  S 
will  be  the  fourth  propor- 
tional required,  viz.  A  B  : 
A  C  ::  AD  :  A  S. 


A 
A 
A 


•a 


D 


D 


B 


PROBLEM  XXIV. 
In  a  given  circle  to  iiucribe  a  squa/re. 


Draw  any  two  diameters  A  C,  D  B 

at  right  angles   to   each  other;    then 
'<in  their  extremities,  and  the  figure 

A  B  C  D  will  be  H  square  inscribed  in 

the  given  circle. 

If  a  line  \ni  drawn  from  the  centre 
to  the  middle  of  A  B,  and  produced 
•  /;  the  line  joining  /  B  will  be  the 
<le  of  au  octagon  inscribed  in  the 

circle. 
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PROBLEM  XXV. 


To  make  a  regular  polygon  on  a  given  right  line,  A  B. 

Divide  360  degrees  by  the  num- 
ber of  sides  coutained  in  the  polygon ; 
deduct  the  quotient  from  180  de- 
grees, and  the  remainder  will  be  the 
number  of  degrees  in  each  angle  of 
the  polygon.  At  the  points  A  and 
B  make  the  angles  o  A  B  and  o  B  A 
each  equal  to  half  the  angle  of  the 
polygon;  then  from  o  as  a  centre, 
and  with  o  A  or  o  B  as  radius,  describe  a  circle,  in  which 
place  A  B  continually.* 


Or  thus  : 

Take  the  given  line  A  B  from  the  scale  of  equal  parts, 
and  multiply  the  number  of  equal  parts  in  it  by  the  number 
in  the  third  column  of  the  following  table,  answering  to  the 
given  number  of  sides;  the  product  will  give  the  number  of 
equal  parts  in  the  radius  A  o,  or  o  B,  which  taken  from  the 
scale  of  equal  parts  in  the  compasses,  will  give  the  radius, 
with  which  describe  a  circle,  and  place  in  it  the  line  A  B 
continually,  s  shown  in  the  first  method. f 


*See  Appendix,  Demonstration  1. 


t  See  Appendix,  Demonstration  3. 
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TABLE  I. 
WhfH  tie  side  of  the  polygon  is  1 . 


N*  tt 

Nan«  oftk* 

Radios  of  the  cireumacribiDg 

Angle  O  A  B,  or 

•ida*. 

tulygoa 

circle. 

DBA. 

3 

Trigon 

•5773503 

30 

4 

Tetragon 

•70710G8 

45 

6 

Peat^;oD 

•850(>508 

54 

6 

Hexagou 

1,  Side  =  raditts. 

()0 

7 

Heptagon 

11;.-        ' 

64f 

8 

OcUgou 

1-30' 

67i 

9 

NouagoD 

l-4t)li»U:J2 

70 

10 

Decagon 

1()1S()340 

72 

II 

Uudecagon 

1-7747329 

73/t 

12 

Dodecagon 

1-93 185 16 

75 

PROBLEM  XXVI. 

In  a  given  drde  to  inscribe  any  regular  polygon;  or  to 
divide  the  drcumferemx  of  a  gicen  circle  into  any  number 
of  equal  parts.  qq  , 

DiTide  the  diameter  A  B 
is  mauj  equal  part«  aa 
i-DPe  has  sides;  erect 
/•,  from 
the  ra- 
d^Uii  u  y   iiito   fuur   equal 
part^,  aud  set  off  three  of 
these   parU   frota   y  to  z; 
draw  a  line  from  x  to  the 
RMond   dirisioD  z,  of  the 
il'uuteter   A    B,    aud  pro- 
it  to  cat  the  circum- 

•'  at  P;  join  A  C,  and 

it  wii;         \\:.-  gjde  of  the 
requircU  jjoi)gou.* 


8m  Affni\%t  DasMBitratioo  3 


20 


PRACTICAL   GEOMETRY, 


PROBLEM  XXVII. 

To   draw   a   straight    line    equal    to    any   arc   of    a   circh 
AB. 


Divide  the  chord  A  B  into  four 

equal  parts;  and  set  oft"  one  of  these 

parts  from  B  to  D;  then  join  D  C, 

and  it  will  be  equal  to  the  length  of 

^half  the  given  arc  nearly.* 

Or  thus  : 

From  the  extremity  of  the  arc  A  B, 
whose  length  is  required  to  be  found, 
draw  A  0  m,  passing  through  the  cen- 
tre; divide  o  n,  into  four  equal  parts, 
and  set  oft'  three  of  those  parts  from  n 
to  m;  draw  m  B,  and  produce  it  to 
meet  A  C  drawn  at  right  angles  to 
A  m;  then  will  A  C  be  nearly  equal 
ia  length  to  the  arc  A  B.f 


PROBLEM  XXVIII. 

To  make  a  square  equal  in  area  to  a  given  circle. 


First  divide  the  diameter  A  B 
into  fourteen  equal  parts,  and 
set  oft"  eleven  of  them  from  A 
to  S;  from  S  erect  the  perpen- 
dicular S  C  and  join  A  C,  the 
square  of  which  will  be  very 
nearly  equal  to  the  area  of  the 
given  circle. I 


♦  See  Appendix,  Demonstration  4.  f  Seo  Appendix,  Demonstration  3. 

}  See  Apjiondix,  Demonstration  ti. 
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PROBLEM  XXIX. 
To  construct  a  diagonal  scale. 

Draw  an  indefinite  struijfht  line;  set  off  ai  j  distance 
A  E  according  to  the  intended  length  of  the  scale;  re- 
peat A  E  any  uuinl>er  of  times,  E  G,  G  B  &c.;  drar 
C  D  parallel  to  A  B  at  any 
conreuieut  distance  ;  then 
draw  the  perpehdicalars  A  C, 
EF,  G  H,  BD,  &c.  Divide 
A  E  and  A  C  each  into  ten 
equal  parts;  throu<?h  I,  2, 
3,  &c.  draw  lines  jjarallel  to 
A  B  and  through  x  y,  &c. 
draw  X  F  y  Z,  &c.  aa  in  the 
annexed  figure. 

Tiie  principal  use  of  this 
scale  is,  to  lay  down  any 
line  from  a  given  measure; 
or  to  measure  any  line  and 
compare  it  with  others. — 
Whatever  number  C  F  re- 
presents, F  Z  will  be  the 
tenth  of  it,  and  the  sub- 
divisions in  the  vertical  direc- 
tion F  E  will  be  each  one- 
hundredth  |>art.  Thus,  if  C  F 
lie  a  unit,  the  small  divisions 
in  C  F,  viz.  F  Z,  A'c  will  be 
lOths,  and  the  divisions  in 
the  altitude  will  Ije  t!ie  lOOth 
part''  of  a  unit.  If  C  F  be 
urn.  the  Kmull  divisions  F  Z, 
Ac.  will  ■  ■    ■   i-^e 

in   ihe  -,; 

if  C  F  l>t   u    huudrtd,  the 
others  will  be  tens  and  units.* 


<S   WS  •*  W  3^    »■       <^ 


>  Im  ApiieadU,  IiMMMutnUaa  7. 
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To  take  any  number  off  the  scale,  as  suppose  2  fY^  that 
is,  2'38  ;  place  one  foot  of  the  compasses  at  D,  and  extend 
the  other  to  the  division  marlced  3;  then  move  the  com- 
passes upward,  keeping-  one  foot  on  the  line  D  B,  and  the 
other  on  the  line  3  s,  till  you  arrive  at  the  eighth  interval, 
marked  88,  and  the  extent  on  the  compasses  will  be  that 
required.  This,  however,  may  express  2'88,  28-8,  or  238, 
according  to  the  magnitude  of  the  assumed  unit. 

NoTK.     If  C  F  were  divided  into  12  equal  parts,  each  division  would  be  1  inch, 
And  each  vertical  division  1-lOtli  of  an  iucli,  by  making  C  V  one  foot. 

PROBLEM  XXX. 

To  reduce  a  rectilinear  figure  to  a  similar  one  upon  either  a 
s7/iaUer  or  a  larger  scale. 

Take  any  point 
P  in  the  figure 
A  B  C  D  E,  and 
from  this  assum- 
ed point  draw 
lines  to  all  the 
angles  of  the  fig- 
ure; upon  one  of 
which  P  A  take<^ 
P  a  agreeably 
to  the  proposed 
scale;  then  draw 
a  h  parallel  to  A 
B,  ictoBC,  &c. 
then  shall  the  fig- 
are  a  h  c  d  e  be  similar  to  the  original  one,  and  upon  the 
required  scale.  Or  measure  all  tlie  sides  and  diagonals  of 
the  figure  by  a  scale,  and  lay  down  the  same  measures 
respectively  from  another  scale,  in  the  required  proportion. 

When  the  figure  is  complex,  the  reduction  to  a  diflerent 
"^cale  is  best  accomplished  by  means  of  the  Eidograph,  a, 
instrument  invented  by  Professor  Wallace,  or  by  means  of 
the  improved  Pentograph, 
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To  divide  a  dreU  into  a«y  number  of  tqiuil  parts,  having  their 
ferimeters  equal  also. 

Divide  the  diameter  A  B 
into  the  required  uuiuber  of 
equal  parts,  at  the  poiuts  C, 
D,  E,  &c. ;  the  nou  one  side 
describe  the  semicircles  1,  2, 
3,  4,  kc.  and  od  the  other 
side  of  the  diameter  describe 
the  semicircles  7,  8,  9  10, 
Ac.  on  the  diameters  B  F, 
B  E,  B  D,  B  C.  &c.;  so 
shall  the  parts  1,  11,  2,  10, 
3,  9,  4,  8,  &c.   be   equal   both   in  area  and  perimeter. — 

LcsUE's  GeOMKTHY. 
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PRACTICAL   fJEOMETRT. 


MENSURATION  OF  SUPERFICIES. 


SECTION  11. 


The  area  of  any  plane  fijjfure  is  the  space  contained  within 
its  Ijoundaries,  aii<l  is  estimated  by  the  iimiiber  of  square 
miles,  square  yards,  square  feet,  &c.  which  it  contaius. 


Long  Measure. 


12    Inches 

3    Feet    . 

G  Feet  . 
16 A  Feet  Eng. 

5i  Yards 
40     Perches 

8    Furlongs 


I    V 


1  Foot. 
1  Yard. 
1  Fathom. 
Pole  or 
Perch. 
1  Furlong. 
1  Mile. 


II. 
Square  Afeasure. 


144    Inches  . 
9    Feet      . 
86    Feet       . 
2724  Feet  Eng. 
f?Oi  Yards 
IGOO    Perches 
64    Furlongs 


.     1  Foot. 

.     1  Yard. 
1  Fathom. 
)      ( 1  Polo      or 
5      l       Perch. 

.     1  Furlong. 

.     1  Mile. 


In  Ireland  21  feet  make  1  pole  or  perch,  and  7  yards 
therefore  will  make  a  pole  or  perch.  There  are  other 
measures  used,  for  which  see  Arithvietiml  Tables. 

Laud  is  generally  measured  by  a  Chain  of  4  poles,  or  22 
yards;  it  consists  of  100  links,  each  link  being  22  of  a  yard. 
See.  Section  XI.  Surveying. 

Duodecimals  are  calculations  by  feet,  inches,  and  parts, 
Avhich  decrease  by  twelves:  hence  they  take  tlieir  name. 

Multiplication  of  feet,  inches,  and  parts,  is  sometimes 
called  Cross  Multiplication,  from  the  factors  being  multiplied 
crosswise.  It  is  used  in  finding  the  contents  of  work  done 
by  artilicers,  where  the  dimensions  are  taken  in  feet,  inches, 
and  parts. 


MEKSL'RAnON    Or    SUPERTICIES.  25 

Rule. 

I.  Write  the  multiplier  under  the  multiplicand  iu 
such  a  manner,  that  feet  shall  be  under  feet,  iuches  under 
inches,  in:. 

II.  Multiply  each  t€rm  of  the  mnltiplicaud  by  the  number 
of  f^et  iu  the  multiplier,  proceeding  from  right  to  left;  carry 
1  for  every  12,  iu  each  product,  and  set  down  the  remainder 
under  the  term  multiplied. 

III.  Next  multiply  the  terms  of  the  multiplicand  by  the 
numl>er  uuder  the  deuomination  inches,  iu  the  multiplier; 
carry  1  for  every  12,  as  l>efore,  but  set  down  each  remiiinder 
oue  place  farther  to  the  right  than  if  multiplyiug  by  a  num- 
ber uuder  the  deooiuinatiou  feet. 

IV.  Iu  like  manner  proceed  with  the  number  in  the 
maltiplier  under  the  denomiuatiou  parts  or  lines,  remem- 
bering to  set  down  each  remainder  oue  place  farther  to  the 
right  than  if  mujtiplying  by  a  number  uuder  the  denomin- 
ation inches.  Aud  so  on  with  numbers  of  inferior  denomiu- 
atious. 

V.  Add  the  partial  products  thus  placed,  and  their  sum 
vill  be  the  whole  product. 

IK    CROSS   MULTIPUCATIOK    IT   IS    C8UAL  TO    8AT 

Feet  multiplied  by  feet,  give  feet. 
Feet  by  inches,  give  inches. 
Feet  by  parts,  give  parts. 

Inches  by  inches,  give  parts. 
Inches  by  part«,  give  thirds. 
Inches  by  thirds,  give  fourths. 

ParU  by  parts,  give  fourths. 
PartA  b  /ive  fifths. 

Paris  by      .       ,  give  sixths,  Ac.* 

•  In  ■•tiplicatioa,  tk»  anltipUar  matt  ulwa>  k  be  «  uuDiber  nf  tiintrs.  to  idlk  ot 
'i.ttJuplytng  <«et  br  fMt,  ac- i«  •btunl   :  te«t 

.«k«ituaM*?    fb>w«*«r,  iiaee  th*  kb.  ng, 

<iulU«coecU«  welhod  of  •xpreMiBg   '        ^i  to 

nttU  iL    Sm  ApfMliy,  Dmoii—tkni  tt- 

2 
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1.  Multiply  1  feet  9  inches  by  3  feet  6  inches. 


F. 

I. 

1    . 

,  9 

3  , 

,  6 

23 

.  3 

3 

.  10  , 

,  6 

27  .  1     .6  Ans. 


F.  I.         P. 


2.  Multiply  240  .  10  .  8  by  9  .  4  .  6 
9.4.6 


2168  . 

0  , 

,  0 

80,. 

3  , 

,  6  . 

,  8 

10  . 

0  , 

.  5  . 

.  4 

2258  ,     4.0.0  Ans. 

F.       I.      P.  F.  I.  P.  F.         I.       P. 

3.  Multiply  8.5.  by  4  .'    7.  Ana.  38  .  6.  11.'"" 

4.  Multiply  9.8.  by  t  .     6.  —  12  .  6. 

5.  Multiply  1.6.  by  5  .     9.  —  43  .  1.    6. 

6.  Multiply  4.1.  by  3  .   10.  —  11  .  6.  10. 

1.  Multiply      1  .  5  .  9  by  3  .     5.3.—    25  .    8     6.2.3. 

8.  Multiply    10  .  4  .  5  by  1  .     8  .  G.—     19  .  11.   0.6.6, 

9.  Multiply    15  .  1  .  0  by  9  .     8  .  0.  —  130  .    1.    8. 

10.  Multiply    51  .  9  .  0  by  9  .  5  .  0.  —  543  .    9.    9. 

11.  Multiply    75  .9.0  l)yl7 .  7.0.-^1331.11.    3. 

12.  Multiply  321  .  7  .  3  by  9  .  3  .  6  —2988  .  2.  10.4.6. 

13.  Multiply      4  .  7  .  8  by  9  .  6  .      —     44 .  0.  10. 

14.  Multiply    39  .10  .  7  byl8.  8.4.—  145  .  4.  10.2.4. 

Note.— All  these  can  be  buh'od  by  the  method  of  aliquot  parts,  thus  :— 


MESaL  RATIOS    OF    SfPERTICIES. 


21 


i.  V. 

15.        Multiply  308  .  7  .  5  by  137  .  8  .  4 
137  .  8  .  4 


SSTG 

1104 

368 

6' 

=  1 

.  .   184 

3  . 

8  . 

6 

2' 

=  i 

61 

5  . 

2  . 

10 

4" 

=  ^ 

.  .    10 

2  . 

10  . 

5  .  8 

C 

=  1 

.  .    68 

6 

r 

—  1 

.  .    11 

.  5 

4" 

=  1 

3 

9  . 

8 

1" 

=  1 

.  .    0 

11  . 

5 

Ans.  50756   .     7  .  10  .     9.8 


PROBLEM  I. 


To  find  the  area  of  a  square. 

RcLE.    Multiply    the    length      \ 
of  tlie   side   by  itself,  and   the 
product  will  be  the  area* 

1.  I^t  '  «re 
ABCDi  I? 

Ans.  (\  ^  (j  zi^  ub,  the  ait-'U. 

2.  What   is   the   area  oP  a 
square  whose  side  i£  15  chains  ? 

Ahs.  225. 
8.  What   is   the   area  of  a 
square  whniu>    ;^ide   is  7  feet  9 
inches  ?  Am.  60y'^ . 

4.  What  18  tne  area  of  a  square  wliose  side  is  4769  links  ? 

Ans.  22743361. 


' 


D 


8m  Ap|«adix,  DvaoMtnUoo  8. 
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PROBLEM  II. 

To  find  the  area  of  a  rectangle. 

Rule.  Multiply  the  length  of  the  rectangle  by  its  breadth, 
and  the  product  will  be  the  area.* 

A 


D 


12 

B 

i    • 

1 

■■ 

1 

1 

c 


1.  Let  the  sides  of  the  rectangle  A  B  G  D  be  12  and  9, 
what  is  its  area?  Ans.  12  X  9  =  108,  the  area. 

2.  What  is   the   superficial   content   of   a  plank,  whose 
length  is  5  feet  6  inches,  and  breath  1  feet  8  inches  ? 

Ans.  42  feet  2  inches. 

3.  What  is  the  area  of  a  filfld  whose  boundaries  form  a 
rectangle,  its  length  being  176  links  and  breadth  154  links  ? 

Ans.  27104  of  an  acre. 

4.  What  is  the  superficial  content  of  a  floor,  whose  length 
is  40  feet  6  inches,  and  breadth  28  feet  9  inches  ? 

Ans.  1164  feet,  4  inches,  6  parts. 


Sec  Appendix,  Demonstration  8. 
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PROBLEM  111. 
To  find  the  area,  of  a  rhombus. 


RrLE.  Multij)! 
toBfth  by  Uie  per; ... 
culur  breudtli,  and  the 
product    Mill    be    the 
urea.* 

1.  What  is  thr    - 
of  a   rhoDibus, 
gide  is  16  feet,  and  jkt- 
pendicular  breadtii  10 
feet.     Aus.    Hi    X    10 
^160  feet  the  area. 


2.  What  is  the  content  of  a  field  in  the  form  of  a  rhom- 
bus, whose  length  is  7  C  chains,  and  perpendi<;nlar  hei<rlit  5  7 
chains?  Ans.  43  32  chains. 

3.  What  is  the  area  of  a  rhombus,  whose  side  is  1  feet 
6  inches,  and  perpendicular  height  3  feet  4  inches  ? 

Ans.  25  feet. 

4.  What  is  the  area  of  a  rhombus  whose  length  is  3  yards, 
and  perpeiMlicular  height  2  feet  3  inches  ? 

Ans.  20  feet  3  inches. 

PROBLEM  IV. 
To  find  the  area  of  a  triangle. 

Roue.  Multiply  the  base  by  the  perpendicniar  height,  and 
divide  the  product  by  two  for  the  area.f 

1.  T     "  "  Aq  is  76*5  feet,  and  perpendicular 

92  2  f.  a? 

Ans.  76  5  x  'J2  2  H-  2  =  3526*65  square  feet,  the  area. 


.  9. 
u  10. 
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2.  The  base  of  a  triangle  is  7  21  yards,  and  the  perpen- 
dicular height  of  365  yards ? 

Ans.  1326-175  yards. 

3.  The  base  of  a  triangular  field  is  1216  links;  and  perpen- 
dicular 1)76  links;  how  many  acres  in  it? 

Ans.  6  acres  36*3008  perches. 

4.  The  base  of  a  triangle  measures  15  feet  6  inches,  and 
the  perpendicular  12  feet  1  inches;  what  is  its  area  ? 

Ans.  91  feet  6^  inches. 

PROBLEM  Y. 

Having  t/ie  three  sides  of  any  triangle  given,  to  find  its  area. 


Rule  I.  From  half  the  sum  of  the  three  sides  subtract 
each  side  separately,  then  ranltiiily  the  half  sum  and  the 
three  remainders  together,  and  the  square  root  of  the  last 
product  will  be  the  area  of  the  triangle. t 

Rule  II.  Divide  the  difference  between  the  squares  of 
two  sides  of  the  triangle  by  the  third  side ;  to  half  this  third 
side  add  half  the  quotient,  and  deduct  the  square  of  this  sum 
from  the  square  of  the  greater  side,  the  remainder  will  be 
the  square  of  the  perpendicular,  the  square  root  of  which, 
multiplied  by  half  the  base,  will  give  the  area  of  the  triangle.f 


*  See  Appendix,  Demonstration  II. 
t  See  Appendix,  Domoust  ration  Vi. 
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1.  GiTen  the  side  A  B  =  9-2,  B  C  15,  and  A  C  =  5  6; 
.^eqoired  the  area  of  the  triangle  ? 
92 
15 
5-5 


Sum  22  2 


,  Sum  HI  — 9-2=  1-9  )  :then^(ll  1  X  l-9x  36  x  56) 
HI— 7-5=  36  >  —  ^^4251744=20  619thearea 
11  1  —  55  =  5-6)  by  Kule  I. 

Apain.  9-2*—  7-5»  =  8461  —  56  25  =  2839;  then  2839 
~  5-5  =  5161818,  quotient. 

Now  (5161818  -7-2)  +  (55  -r-  2)  =  2580909  -f-  275  = 
53  309  =  half  quot.  pins  half  third  side  :  then  84  64  — 
28-41869481  =  56  22150519,  and  ^  56-22150519  =  7498 
=  perpendicular;  then  7-498  X  2  75  =  20619  the  area  as 
before. 

2.  What  is  the  area  of  a  triangle  whose  sides  are  50,  40, 
and  30  ?  Ans.  600. 

3.  The  rides  of  a  trian^lar  field  are  4900,  5025,  and  2569 
links;  how  many  acres  does  it  contain  ? 

Aiu.  61  acres,  1  rood,  3068  perches. 

4.  What  is  the  area  of  an  isosceles  triangle,  whose  base  is 
20.  and  each  of  its  equal  sides  15  ?  Ans.  117803. 

5.  How  many  acres  are  there  in  a  triangle,  whose  three 
■idaa  are  380,  420,  and  7  Go  vurds  ? 

Atu.  9  acres  38  poles. 

•V    ll'iv  i:.:jijy  s(iiiarf  yards  are  in  a  triangle,  whose  three 
*  sides  urt'  )o,  14,  and  15  ieet  ?  Aiu.  *Jj  square  yards. 

7.  How  many  acres,  kc  ,  in  a  triangle,  whose  three  sides 
are  49,  50  25,  and  25  <  ' 

A  res,  1  rood,  3968  perches. 
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PROBLEM  VI. 

To  find  the  area  of  an  equilateral  triangle. 

Rule.  Square  the  side,  and  from  this  sqnai'e  deduct  its 
fourth  part;  thea  multiply  the  remainder  by  the  fourth  part 
of  the  square  of  the  side,  and  the  square  root  of  the  produCv- 

will  give  the  area.*     Or  multiply  — '-  by  ^  3  for  the  area.-j* 

1.  Each  side  of  a  triangular  field,  ABC,  measures  4 
perches,  what  is  its  area  ? 

4'^  =  16,  then  16  -f-  4  =  4  and  16  —  4  =  12  :  then 
12  X   V  =  12  X  4  =  48,  and  ^  48  =  6-928,  the  area. 

2.  How  many  acres  in  a  field  of  a  triangular  form,  each 
of  whose  sides  measures  70  perches  ? 

Ans.  13  acres,  1  rood,  1  perch. 

3.  The  perimeter  of  aii  equilateral  triangle  is  27  yards, 
what  is  its  area  t  Ans.  35-074. 

Note.  When  the  triangle  is  isosceles,  the  perpendicular  is  equal  to  the  square 
root  of  the  difl'ereuce  between  the  squares  of  either  of  the  equal  sides,  and  half  the 
base. 

PROBLEM  VIL 

Given  the  area  and  altitude  of  a  triangle  to  find  the  base. 

Rule.  Divide  the  area  by  the 
altitude  or  perpendicular,  and  double 
the  quotient  will  give  tlie  base. 

1.  Given  the  area  of  a  triangle  =: 
12  yards,  and  altitude  —  4  ;  what 
is  its  base  ? 

Am.  13  -r  4  =  3;  then  3x2  = 
6  yards,  the  base  A  B. 

2.  A  surveyor  having  lost  his  field  book,  and  requiring 

•See  Appendix.  rJomongtration  13. 
t  Hpc.  Appondix,  OemoMstration  II. 
t8«e  Api>eudix,  Uumoustrutiuu  15. 
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the  base  of  a  tr  ■  «  coutent  he  knew  from 

recollection  irat  .  ide  7  yards,  how  much  is 

the  Ltajie  ?  ^ns.  1U360  yards. 

PROBLEM  VIII. 
Give*  Uc  arm  tf  a  triangle  and  its  base,  tojiiul  its  altitude. 
RtxK.  Divide  the  area  by  the  given  base,  and  doable  the 
quotient  will  give  the  perpendicular. 

The  reason  of  this  rule  is  manifest,  from  the  last. 
1.  Given  the  area  of  a  triangle  =12,  and  its  base  =  6; 
what  is  itjs  perpendicular  height  ? 

Ati4.  12  -i-  6  =  2;  then  2  X  2  =  4  the  altitude. 

PROBLEM  IX. 

Givem  wmtf  two  sida  of  a  right  angled  triangle,  to  find  the 

third  side,  find  thence  its  area. 

Rule. 

I.  To  the  square  of  the  perpendicular  add  the  square  of 
the  ba«e,  and  tbt  square  root  of  the  sum  will  give  the 
bypothenase. 

II.  T'  re  root  of  the  difference  of  the  squares  of 

the  hyj  and  either  side  will  give  the  other. 

III.  Ur  luui'.iply  the  sum  of  the  hypotheiiuse,  and  either 
ode,  by  their  difference;  and  the  square  root  of  the  product 
will  give  the  other.* 

1.  Given  the  base  A  C  3,  the  per- 
pendicular C  B  4;  required  the  hypo- 
thenuse  A  B  ? 

3«  +  4»  =  25  ;  then  ^  25  =  5, 
the  hypothenuse  A  B. 

-'.  Given  A  B  5,  A  C  3;  required 
<    H? 

5*  —  3«  =  16  ;  then  ^  16  =  4, 
the  side  B  C;  or.  (5  +  3)  x  (5  —  3  = 
8X2=16;  then  ^16  =  4,  as  l>efore. 

3.  Given  A  B  5,  B  C  4;  required  A  C  ? 

5»  —  4»  =  9,  tbeD  ^9  =  3,  the  side  AC;   or  (5  +  4 
X  (5  —  4)  =  9  X  1  =  9;  then  y'  9  =  8,  as  before.    And 
3  X  4  -7-  a  =  6  the  area  of  Uie  triuiiirle. 


>  Sm  Ifniirtiir,  OMMNutratio*  It. 
•3 
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4.  The  wall  of  a  building  on  the  brink  of  a  river  is  120 
feet,  and  the  breadth  of  the  river  is  70  yards;  what  is  the 
length  of  the  chord"  iu  feet  that  will  reach  from  the  top  of 
the  building  across  the  river?  Ans.  24r8G  feet. 

5.  A  ladder  60  feet  long,  will  reach  to  a  window  40  feet 
from  the  flags  on  one  side  of  a  street,  and  by  turning  the 
ladder  over  to  the  other  side  of  the  street,  it  will  reach  a 
window  50  feet  from  the  flags;  required  the  breadth  of  the 
street  ?  Ans.  77-8875  feet. 

6.  The  roof  of  a  house,  the  side  walls  of  which  are  the 
same  height,  forms  a  right  angle  at  the  top,  the  length  of 
one  rafter  being  10  feet,  and  its  Opposite  one  14  feet;  what 
is  the  breadth  of  the  house  ?  Ans.  17-204. 

PROBLEM  X. 
Given  the  base  and  pcrpendiadar  of  a  right  angled  triangle, 

to  find  the  perpendicular  let  fall  on  the  hypothenuse  from  the 

right  angle;  and  also  the  seginents  into  which  tlie  hypothenuse 

is  divided  by  this  perj)endiciblar. 

Rule.  Find  the  hypothenuse  by  Prob, 
IX.  Then  divide  the  square  of  the  greater 
side  by  the  hypothenuse,  and  the  quotient 
will  give  the  greater  segment,  which  de- 
ducted from  the  entire  will  give  the  less. 
Having  found  the  segments,  multiply  them 
together,  and  the  sqnare  root  of  the  pro- 
duct will  give  the  perpendicular.* 

1.  Given  A  C  3  yards,  and  C  B  4  yards  ;  required  the 
segments  B  D,  T)  A,  and  the  perpendicular  D  C. 

3=  -I-  4^  =  25  :  then  J  25  =  5  =  A  B. 

4'  -H  5  =  16  -i-  5  =  3.2,=  B  D ;  then  5  —3-2  =1-8  =  AD. 

Again,  3-2  X  I'S  =  5-76;  then  J  5-76  =  2-4  =  0  C. 

2.  The  roof  of  a  house  whose  side  walls  are  each  30  feet 
high,  forms  a  right  angle  at  the  top;  now  if  one  of  the 
rafters  be  10  feet  long,  and  its  opposite  yoke-fellow  12, 
required  the  breadth  of  the  building,  the  length  of  the  prop 
set  upright  to  su])port  the  ridge  of  the  roof,  and  the  part  of 
the  floor  at  which  it  must  be  placed  ? 

Ans.  Breadth  of  the  building  15()204  feet,  greater  segment 

•  *  See  Apiicndix,  Demoiistralioii  17. 
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9  -  r  segment  640 18  feet,  aud  length  of  the 

piv 

PROBLEM  XI. 

T  '     '     I  rta  of  a  trapezium. 

Rnr.  Piride  iiim  into  two  triiuifHes,  by  joining 

tw  the  area  of  each  trianjrle,  and 

thr  the  area  of  the  trapezium. 

Or, 
Draw  two  perjieiidiealars  from  the  opposite  angles  to  the 
diagonal;  then  multiply  the  sum  of  these  perpendiculars  by 
the  diagonal,  and  half  the  product  will  give  the  area.* 

1.  In  the  traiK-ziuuj  A  B  C  D,  the  diagonal  AC  is  100 
yards,  the  perpendicular  DE  35,  aud  BF  80;  what  is  its  area  ? 

D  E  =  35  ^i^ 

B  F  =  30  y^, 

65 
100 


2)6500 


3250  the  area. 

1.  What  \&  tlie  area  of  a  field,  whose  south  side  is  2*740 
iiiikj,  ea£t  side  3575  links,  north  side  3755  links,  west  side 
4105  links,  aud  the  diagonal  from  south-west  to  north-east 
4835  links  ?  Ans.  123  acres  11 -8633  perches. 

3.  In  the  trapezium  A  B  C  D,  the  side  A  D  is  15,  D  C  13, 
C  B  14,  aud  A  B  12;  also  the  diiagoual  A  C  16;  what  is  its 
area?  Am.  1725247. 

4.  In  the  i  A  B  C  D,  there  are  given  A  B  220 
yards,  DO  ,  and  A  C  378  yards;  also  A  F  100 
yards,  i.  ds;  what  is  its  area  ? 

Ant  rds  =  17  acres,  2  roods,  21  perches. 

5.  In  ihe  ;i  A  B  C  D,  there  are  given  A  B  220 
yards,  DC.  .  _^-.  B  F  195959  yards,  D  E  255  ab75 
yards;  also  F  E  208  yards;  retjuired  the  area  of  the  trape- 
tium  ? Ans.  85342  2885  yards. 

*  See  A|>)>«&dix.  OeAotutration  Itf. 
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6.  Suppose  in  the  trapezium  A  B  C  D,  on  account  of  ob- 
Btacles,  I  can  only  measure  A  B,  D  C,  B  F,  D  E,  and  P  D, 
which  are  respectively  22  yards,  26  yards,  19  yards,  25  yards, 
and  32  yards,  required  the  area  ? 

Ans.  840-55  square  yards. 

PROBLEM  XII. 

To  fiTuL  the  area  of  a  trapezium  inscribed  in  a  circle,  or  of 

any  one  whose   opposite  angles   are   together   equal   to  two 

right  angles. 

Rule.  Add  the  four  sides  together,  and  take  half  the  sum; 
from  this  half  sum  deduct  each  side  separately;  and  the 
square  root  of  the  product  of  the  four  remainders  will  give 
the  area  of  the  trapezium.* 

1.  What  is  the  area  of  a  four-sided  field,  whose  opposite 
angles  are  together  equal  to  two  right  angles,  the  length  of 
the  four  sides  being  as  follows,  viz.,  A  B  12-5,  A  D  1 1,  I)  C 
11-5,  and  B  C  8  yards  ? 
12-5 

n-5 


2)55 

27-5 

21-5       27-5        27-5       2T-5 
12-5     n  17-5         8 


15    X    10-5  X    10     X  19-5=  30712-50;  then  ^ 
30712-50  =  175-25,  the  area  in  yards. 

2.  There  is  a  trapezium  whose  opposite  angles  af-e  together 
equal  to  two  right  angles;  the  sides  are  as  follows,  viz.,  A  B 
25,  A  D  34,  D  C  35  and  B  C  IG;  required  its  area  ? 

Ans.  700-99. 

'*  See  Ajtiicudix,  Uemoustration  19 
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PROBLEM  XIII. 

To  Jlmd  tk»  arm  of  a  trapcsoid. 

IvULK.  Multiply  half  the  sura  rf  the  two  parallel  sides  by 
me  pt?rpeudicular  distance  betweeu  them,  uud  the  product 
will  give  the  area.* 
r-     I.  Let  A  B  C  D  be  a 
trapezoid,  the  side  A  B  = 
4U,  I)  C  =  2o,  C  P  =  18; 
retjuift-d  the  area  ? 
40 

::5 


F 

65  ^  2  =  32  5  X  18  =  585  area. 

2.  What  is  the  area  of  a  trapezoid,  whose  parallel  sides 
are  750  aud  1225  links,  and  the  perpendicular  height  1540 
links  ?  Am.  15  acres  332  perches. 

3.  What  is  the  area  of  a  trapezoid,  whose  parallel  sides 
are  4  feet  6  inches,  aud  8  feet  3  inches;  and  the  perpendicular 
height  .'»  feet  ?>i  iiielies  ?  Ans.  3G  feet  1|  inches. 

4.  Whai  is  the  area  of  a  trap<»zoid  whose  parallel  sides  are 
1470  aud  -JUlo  yards,  atn!  .ulur  height  976  yards  ? 

Ahs.  22U  acres,  3  i'  i.erches,  7  yards  Irish. 

PROBLEM  XIV. 

To  find  the  area  of  an  irregular  polygon. 

Rl'lk.  Divide  the  figure  into  triangles  and  trapeziums, 
and  find  the  area  of  t  . ,  by  Problem  1 V.  or  XI. 

Add  thewe  areai  togv  t>um  will  be  the  area  of 

th.  t 

.1  the  area  of  the  irregular  polygon  ABCDEFG  A 
the  following  lines  being  given  '{ 

*«—  Apy  illw.  D»mamtti»tittm  »0 

f  !■  iMiac  Ik*  >r**  >')  au  iir«f  uU.'  ti  Mitt-  di,iw  K  line  ihrouKh  the  0xtr««« 

•dkU«  oi  tke  tear*.  l>'  iI  the  otber  BriKleii  o| 

Ike  ijalyfOA,  •  kick  •'  :  s ,  Uieu  fiud  Um  itr«« 
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A 

0 

= 

9 

G 

B 

=z 

29 

C 

n 

— 

11 

a 

C 

= 

28-4 

F 

X 

=. 

14-5 

C 

V 

= 

13 

F 

D 

= 

35 

E 

z 

.= 

1-4 

2)20  sura 

10  half 

20  diae:.  G  B 


290  area  of  A  B  C  G  A. 
Cy  =  13 

Ez=    1-4 


2)20-4  sum 

102 
35- 

35T-0areaofF  C  D  E  F. 
F  3;  =  14-5 
^GC  =  14-2 


I  205-9  aroa  of  G  F  C. 

290  =  area  of  A  V>  0  G  A 

351  =  area  of  F  C  I)  E  F 

205-9  —  area  of  G  F  C 


Ans.  852-9  =  area  of  A  B  C  D  E  F  GA. 
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2.  la  a  five-side<i  field  G  C  D  E  F  G  there  is  G  C  =  28 
perches,  Fr  =  14  ^wrehes,  Cy  =  13  perches,  z]S  ='  1 
perches,  aiid  FD  =  35  perches ;  required  its  area  ? 

A  us.  3  acres,  1  rood,  26  perches. 

3.  In  the  aDoexed  fi^re,  there  are  given  in  perches 


A  X  = 

X  R  = 
HT  = 
T  D  = 


A  P  =  17 
P  S  =  14 
S  D  =  12 
G  X  =    5 


F  R  =  10 
p]  T  =  12 
B  P  =  20 
CS  =  U 


Ke({uired  the  area  ?         Ans.  4  acres,  3  roods,  19|  perches. 


PROBLEM  XV. 
To  find  the  area  of  a  regular  polygon. 

RcLK  I.  Add  all  the  sides  together  and  multiply  half  the 
gii:ii  liv  the  per|>eudicular  drawn  from  the  centre  of  tlie 
p  >  the  middle  of  one  of  the  sides,  and  tlie  product 

\i.w Wie  area.     This  perpendicular  is  the  radius  of  the 

inf^cri>H'd  circle. 

lUi-E  li.  Mil'' 
)iv  the  Huml)er 

(j 


^■r'  square  of  the  side  of  the  polygon 

'<l>potiite  to  itK  name  in  the  following 

rea,  and  th«  product  wilj  give  the  area! 


.  the  number 
ae  following 


10 
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table,  lieaded  "  Radius  of  inscribed  Circle,"  and  the  prodnct 
will  1)0  the  j)erpendiculur  I'roiii  the  eentre  of  the  polygon  to 
the  niiddh}  of  one  of  Us  sides;  then  multiply  half  the  sum  of 
the  sides  by  this  perpendicular,  and  tlie  product  will  give  the 
area.* 

TABLE  II. 
When  the  side  of  the  polygon  is  1 . 


No  (.r 

'  sides. 


3 
4 

.5 
<) 

8 

\) 

10 

11 

V2 


Radius  of  in- 
scribed  Circle. 


0-2886151 
0-5000000 
0-<)88iyi0 
0-8(>60-2.34 
1-0382617 
1 -2071 068 
1 -3737381 
1-5388418 
1-7028437 
1-8660254 


Area  of  Pol)  gon. 


0-4330127 

11000000 
1-7204774 
2-5080762 
3-6339124 
4-8281271 
6-1818242 
7-6042088 
93656404 
ir  1961 524 


I  tan.  3G|°=^3 
I  tan.  45°=lXl 

jtan.  54°=fv'(l+fV5) 

-I  tan.  60°  =  1^3 

1  tan.  64°f 

I  tan.  67=i  =  2x(l-fV2) 

f  tan.  70° 

Vtan.72°=-|V(5+V5) 

V  tan.  73Vt 

V  tan.  75°==3x(2+V3) 


No  IK.  The  radius  of  the  circumscribed  circle,  when  the  side  of  the  polygon  is 
1,  niHj-  l>e  ►een  in  Table  I. 

Tlie  expressions  in  the  fourth  column  maybe  seen  in  Trigonomeirtj,  \o  yriiich 
the  pnpil  is  relerred  for  a  full  investigation  of  them.  The  tangents  oC  the  nnj^le 
()  u  C  ill  the  heptagon,  nonsgon,  and  undecagon,  are  e.\treinoly  difficult  to  be 
found  without  a  tablo  of  tangents. 

1.  Tiio  side  of  a  pentagon  is  20  yards,  and  the  perpen- 
dicular from  the  centre  to  the  middle  of  one  of  the  sides  is 
13-76382  ;  required  the  area  ? 

By  RuLB  I.  20  X  5  X  1376382  -f-  2  =  1376-382  -^  2  = 
688-191.   Ans. 

By  Rule  II.  20  X  20  X  1  720477  =  688-19,  the  area  as 
before. 

2.  The  side  of  a  hexai^on  is  14,  and  the  perpendicular  from 
the  (centre  12-1243556  ;  required  the  area  ?  Am.  509-2229352. 

3.  The  side  of  an  octagon  is  57,  required  its  area  ? 

Alls.   156-875596479. 


See  A]>pendi.x,  Demonstiatioii  21 
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4.  The  side  of  a  heptagon  is  19-38  yards,  what  is  its  area  ? 

Ans.  13()4-84. 
a.  The  side  of  an  octagon  is  10  feet,  what  is  its  area  ? 

yl«A.  482-84271. 
ri.  The  side  of  a  nonagon  is  50  inches,  what  is  its  area  ? 

Alls.  15454-5G05. 
\     The  side  of  an  nndecagon  is  20,  what  is  its  area  ? 

Ans.  Sne^oGlG. 
-    The  side  of  a  dodecagon  is  40  yards,  what  is  its  area  ? 

Aim.  11913-84384. 

PROBLEM  XVI. 
Girt*  the   diameUr   of  a   circle,  to  find   the    drmmference ; 
or  the  circumference   to  find   the  dianuitr,  and  thence  the 
area. 

■  Rule.* 

I.  Say  as  7  :  22  ::  the  given  dia^ 
meter  :  circumference. 

Or,  HS  113  :  355  ::  the  diameter  : 
the  circumference. 

Or,  an  1  :  3  416 
the  circumference. 

II.  Say  as  22  :  T 
cumference  :  the  diameter 

Or,  as  355    :  113  ::  the  circumfe- 
reuce  :  the  diameter. 

Or,  as  314 16  :  1  ::  the  circumference  :  the  diameter. 

1.  The  diameter  of  a  circle  is   15,  wbat  is  its  circumfe- 
rence ? 

7  :  22  ::  15  :  22  X 
Or,  113  :  355  ::  15 
=  47  124. 

Or,  1  :  314 16  ::  15  :  31416  X  15  =  47124. 

2.  The  circumference  of  a  circle  is  80,  what  is  its  dia- 
meter ? 

22  :  7  ::  80  :  7  X  80  -T-  22  =  2545. 

a;'>5  :  113  ::  80  :  113  X  80  ^  355  =  254647. 

3  146  :  1  ::  80  :  80  -j-  3  1416  =  254647. 


the  diameter 


the  given  cir- 


15  ^  7  =  330  ^  7  =  47  142857. 
355  X  15  -^  113  =  5325  -r  113 


I  Appeodix,  Uemooftratioa  'ii. 
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3.  What  is  the  circumference  of  a  circle  whose  diametc 
is  10?  Ans.  31-4285. 

4.  What  is  the  diameter  of  a  circle  whose  circumference 
is  50?  Jws.  15-909. 

5.  The  diameter  of  the  earth  is  7958  miles,  what  is  its 
circumference  ?  Ans.  250008528  miles. 

6.  The  circumference  of  the  earth  beinj^  25000'8528 
miles,  what  is  its  diameter  ?  Ans.  1958  miles. 

PROBLEM  XVII. 

To  find  tlie,  length  of  an  arc  of  a  circle. 

Rui,E.  I.  Multiply  the  radius  of  the  circle  by  the  number 
of  degrees  in  the  given  arc,  and  that  product  by  •01745329, 
and  tlie  last  product  will  be  the  length  of  the  arc* 

Rule  II.  From  eight  times  the  chord  of  half  the  arc, 
suljtract  the  chord  of  tlie  whole  arc,  one-third  of  the 
remainder  will  give  the  length  of  the  arc,  nearly. f 

1.  If  the  arc  A  B  contain  30  degrees,  the  radius  bein^ 
2  feet,  what  is  the  length  of  the  arc  ? 

30  X  9  =  270,  and  270  X  .01745329  =  4-7124.  A71S. 

D 


2.  If  the  chord  AD  of  half  the  arc  ADB  be  20  feet,  and  the 
chord  A  B  of  the  whole  arc  38;  what  is  the  length  of  the  arc  ? 
20  X  8  —  38  =  122;  then  122  H-  3  =  402-  feet.  Ans. 


•  See  Aiiponilix.  Dcmonstrntion  53. 
f  See  Ain)eiiclix,  Ucnionstiatiou  •J4 
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3.  The  chord  of  an  arc  is  6  feet,  and  the  chord  of  half 
the  arc  is  3| ;  required  the  length  of  the  whole  arc  ? 

Ans.  H- 

4.  The  chord  of  the  whole  arc  is  40,  and  the  versed  sine* 
or  height  of  the  segment  15;  what  is  the  length  of  the  arc  ? 

Ans.  53i. 

5.  The  chord  A  B  of  the  whole  arc  is  48  74,  and  the 
.  hord  A  D  of  half  the  arc  3025;  required  the  length  of  the 
arc  ? 

6.  A  B  =  30,  D  P  =  8;  required  the  length  of  the  arc  ? 

Ans.  351. 

PROBLEM  XVIII. 

Tojind  the  area  of  a  drde. 

Rile  I.    Multiply   half   the    circumference  by   half  the  w 
diameter,  for  the  area.f 

Rile  II.  Multiply  the  square  of  the  diameter  by  7854, 
for  the  area.^ 

Rile  III.   Multiply  the  square  of  the  circumference  by  , 
•07y58.S  9 

iU'LK  IV.  As  14  to  11,  so  is  the  sqaare  of  the  diameter 
to  the  area. 

IUle  V.  As  88  to  7,  so  is  the  square  of  the  circumference 
to  the  area. 

1.  To  tiud  the  area  of  a  circle  whose  diameter  is  100  and 
circumference  314  16. 

Bv  Rii E  I.  By  Rule  II.  By  Rule  III. 

31416  •1854  98696-5  sq.  cir. 

100  100«  =  10000  07958 


4>3U16  Area  7854  7854'  Area. 


Area  7864 


•  Bt  -  «an«l  tiiM."  is  u     '  ...u.  u  aai  mmmt  the  trigoaMMiiiMl 

tarMo  (ina  Mlk*  whole  i>  ^ic. 

t  ■••  A|>f1ldi«.  ItMMtl.  - 
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By  Rule.  IV.  By  Rule  V. 

1000^     =     10000  98696-5  sq.  cir. 

11  1 


2)110000  8)690875-5 

1)55000  11)86359-4 


Area  7857  7850-85 

2.  What  is  the  area  of  a  circle  whose  diameter  is  7  ? 

Ans.  381  nearly. 
8.  How  many  square  yards  are  in  a  circle  whose  diameter 
is  1}  yard  ?  Aois.  1069. 

4.  The  surveying  wheel  turns  twice  in  the  length  of  16^ 
feet;  in  going  round  a  circular  bowling  green  it  turns  exactly 
200  times;  how  many  acres,  roods,  and  perches  in  it  ? 

Ans.  4  acres,  3  roods,  35-8  perches. 

5.  The  circumference  of  a  fish  pond  is  56  chains,  what  is 
its  area?  Ans.  239-56288. 

6.  What  is  the  area  of  a  quadrant,  the  radius  being  100  ? 

Ans.  7854. 

7.  Required  the  length  of  a  chord  fastened  to  a  stake  at 
one  end,  and  to  a  cow's  horns  at  the  other,  so  as  to  allow 
her  to  feed  on  an  acre  of  gras^  and  no  more  ? 

Ans.  39}  yards. 

8.  The  circumference  of  a  circle  is  91,  what  is  its  area  ? 

Ans.  65900198. 

9.  The  diameter  of  a  circle  is  15  perches,  what  is  its 
area?  Ans.  176-715. 

10.  What  is  the  area  of  the  semicircle  of  which  20  is  the 
radius  ?  Ans.&2SZ2. 

PROBLEM  XIX. 

Giveri  the  diameter  of  a  circle  to  find  the.  side  of  a  square  equal 
in  area  to  the  circle. 

Rule.  Multiply  the  diameter  by  -8862209,  and  the  i>ro- 
duct  will  be  the  side  of  a  square  equal  in  area  to  the  circle.* 

*  See  Ap|ieudix,  Demonsttatiuu  ii. 
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1.  If  t!  a  circle  be  100,  what  i  of 
a  ^qnitrf  -                          .»  the  circle  ?            Aiis.                  '. 

'  n(  a  circular  fish-pond  is  200  feel,  what 

ire  fish-poud  et|aal  iu  area  to  the  circular 
oik/  '  Ans.  177-24538. 

PUOULEM  XX. 
Girrn  fkf  circumferrufe   of  a    circle,   to  Jiiul   the   side  of   a 
iqtuire  equal  in  area  to  the  circle. 
iiiiK.   Muiiiply  the  circumference  by   283  948,  uud  the 
produi't  vkiil  be  the  side  of  the  K<|uare.* 

1    The  rir.  ■  of  a  circle  is  100,  what  is  the  side 

^}(  a  M(aar.-  .  ■  ±  to  the  circle  ?       Ans.  282  94S. 

2.  The  oircuiulcrujice  of  a  round  hsli-poiid  is  200  yards, 
wh&t  is  tiie  side  of  a  square  fix!i-poud  equal  iu  area  to  the 
rouud  cue  ?  Atis.  50*41896. 

PIIOHLKM  XXI 
Giceu  the  diameter ^  tofiiuL  the  sid*.  of  the  imcribed  square. 

D 


RCLB. 

Multiply  the  diameter  by 

,•-_.-    1    .  .  ..  . 

!   .  t  willpive 

I 

s<|UMre.f 

!              1       . 

.   u:   a  circle  in 

i       ,1            .•, 

^      .      .-vule  of  the-  ir»- 

scrili' 

'!      Ans.  70.711     - 

4 

iieter  of  a  cir.  i.    ^ 

in   the    side   of  tiie    lu- 

vmrei-Aus.  14r4213C.. 

/^ 

^ 

^ 

\ 

1/  ■ 

\ 

^ 

\ 

0 

/ 

\    \^ 

/ 

^ 

/ 

PROBLEM  XXII. 
Given  the  area  of  a  circle.,  to  find  the  side  of  the  inscribed 
square. 
Rri.K.  Multiply  the  area   by   6366107,  and  extnu-t  tlm 
«|mr.    r.  ii  ..f  the  product,  whicli  will  give  the  side  of  the 
iii.-icrioea  M^  a  are  J 

•■••  Kftx*nA\%.  [lMB<>n<tr9tlon  57. 
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1.  The  area  of  a  circle  is  100,  what  is  the  side  of  t!ie  in- 
scribed square?  Ans.  7'9T884. 

2.  The  area  of  a  circle  is  200,  what  is  the  side  of  the  in- 
scribed square  ? 

200  X  -636619^  =:  12t-3239400;  then  ^  12^3239400 
=  11-2837.  Ans. 

PROBLEM  XXIII. 

Given   the   side   of    a   square.,    to   find   the   diameter  of  the 
circumscribed  circle. 
Rule.  Multiply  the  side  of  the  square  by  1-4142136,  and 
the  product  will  give   the   diameter   of  the  circumscribed 
circle.* 

1.  If  the  side  of   a  square  be  10,  what  is  the  diameter 
of  the  circumscribed  circle  ?  Ans.  14-142136. 

2.  If  the  side  of  a  square  be  20,  find  the  diameter  of  the 
circumscribed  circle  ?  Ans.  28-2.84272. 

PROBLEM  XXIV. 

Given  the  side  of  a  square  to  find  thA  circumference  of  the 
circumscribed,  circle. 
Rui.K.    Multiply  the  side  of   the   square  by  4-4428934, 
aud  the  product  will  be  the  circumscribed  circle. f 

1.  If  the  side  of  a  square  be  100,  what  is  the  circura- 
fereiice  of  the  circumscribed  circle  ?  Ans.  444-28934. 

2.  If  the  side  of  the  square  be  30,  what  is  the  circumfe- 
rence of  the  circumscribed  circle  ?  Ans.  133-280802. 

PROBLEM  XXV. 

Given  the  side  of  a  square,  to  find  the  diameter  of  a  circk 
equal  in  area  to  the  square. 
RuLK.  Multiply  the  side  of  the  square  by  1-1283791,  and 
the  product  Avill  be  the  diameter  of  a  circle  equal  in  area  to 
tiie  .square  whose  side  is  given.;}; 

•See  ,A|>)icn(lix,  Demonstration  30. 
t  Sch  Appoiidix,  Donmnstriition  31. 
\  8(i«  Ai>i'Uiidi.\,  Dcuiuiuttatiou  'ii. 
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1.  If  the  side  of  a  square  be  100,  what  is  the  diameter  of 
the  circle  whose  area  is  equal  to  the  square  whose  side  is 
100?  Anj.  112-83791. 

2.  What  is  the  diameter  of  a  circle  equal  in  area  to  a 
s<{uare  whose  side  is  200?  Ans.  225  67582. 

PROBLEM  XXVI. 

Giren  the  side  of  a  square,  to  find  the  drcumferenfc  of  a 
circle  whcse  area  is  equal  to  the  sqiiart  whose  side  is  given. 

Rile.  Multiply  the  side  of  the  square  by  35449070,  and 
the  product  will  j^ive  the  circumference  of  a  circle  equal  in 
area  to  the  given  square.* 

1.  What  is  the  circumference  of  a  circle,  whose  area  may 
-  equal  to  a  square  whose  side  is  100  ? 

Ans.  354-49076. 

2.  Find  the  circumference  of  a  circle  equal  in  area  to  a 
loare  whos^  side  is  300  ?  Aiis.  1063  47228. 

PROBLEM  XXVIL 
To  find  the  area  of  a  sector  of  a  drele. 

Rl'le.  Multiply  half  the  length  of  the  arc  by  the  radini 
of  the  circle,  and  the  product  is  the  area  of  the  sector.f 

Rule  II.  As  360  is  to  the  degrees  in  the  arc  of  the  sector, 
ao  is  the  area  of  the  whole  circle  to  the  area  of  the  sector,  j 

1 .  Let  ACBO  be  a  sector  less  than  a 
semicircle  whose  radius  AO  is  20  feet, 
and  chord  AB  30  feet;  what  is  the  area? 

First,  V  (A  O*  —  A  DM  =  V  400 
—  225)  =  13  228  =  O  I);  then  0  C  — 
OD  =  20  —  13  228  =  6  772  =  C  D. 

Again,  ^  ^A  D*  +  C  D»)  =  v' 
225  +  45  •  ^    16  4578  =  A 

C,  the  cbo< ' .  the  arc. 


>  34. 

aU. 


48 


MENSURATION    OF    SUPERFICIES. 


Hence,  by  problem  XVII.  the  arc  A  B  is  33-8814;  then 
X  20  =  338-874,  the  area  reqinred. 


2 

2.  Let  A  E  F  B  O  A  be  a  sector 
greater  than  a  semicircle,  wliose  ra- 
dius A  0  is  20,  the  chord  E  B  38, 
and  chord  B  F  of  half  E  E  B  23; 
required  the  area  ? 

23  =  chord  B  F 
8 


184 
38  =  chord  B  E 


3)14() 


48-666  &c.  =  arc  B  F  B 
20 


973^  area. 

3.  What  is  the   area  of  a  sector  whose  arc  contains  18 
degrees,  the  diameter  being  3  feet  ? 

■7854 
9 


Then  360  :  18  ::  70686  :  the  area  of  the  sector  ; 
Or,        20  :     1  ::  7-0686  :  -35343.^17^5. 

4.  What  is  the  area  of  a  sector  whose  arc  contains  147 
degrees  29  minntes,  and  radius  25  ?  Ans.  804-398G. 

5.  What  is  the  area  of  a  sector  whose  arc  contains  18 
degrees,  the  radius  being  3  feet?  Ans.  r41372. 

PROBLEM  XXVIII. 

To  find  the  area  of  ihe  segment  of  a  circle. 

Rule  I.   Find  the  area  of  the  sector  having  the  same  arc 
with  the  segment,  by  tiie  last  problem;  iind  also  the  area 
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of  the  triangle,  formed  by  the  chord  of  the  segment  atid  the 
two  radii  of  the  sector.  Then  add  these  two  ureus  together, 
wheu  the  segment  is  greater  than  the  semicircle,  but  Hud 
their  diflfereiice  wheu  it  is  less  thau  a  semicircle,  the  result 
will  evidently  be  the  answer. 

1 .  What  is  the  area  of  the  Regineut 
A  C  li  D  A,  it*  choni  A  B  being  24, 
and  radius  A  E  or  K  C  20  ? 

( v^  A  K'  —  A  D*)  =  J  (400  —  A 
U4)  =  IG  =  IJ  K;  EC— ED  = 
20  —  10  =  4  =  C  D;  J{K  D«  + 
l)C*)  =  V(l^*  +  l<i>  =  I5i  64911 

(A  C   X  s,— 24        C 


-  AC;  theu 
2a  7309  =  arc  A.C  B, 

And  12  8654  =  half  arc 
20=radiu8 


3 


12  =  AD 
10  =  D  A 


2.'>'-308=areaof80ctorEBCA.    192  =  areaof  AABE 
192-        =  areaof  A  A  B  E 


65-'i08=area  of  segment  A  B  C  A. 

2  I^t  A  G  F  B  A  be  a  segment  greater  than  a  Benii- 
circle,  there  are  given  the  chord  A  B  205,  F  D  1117. 
A  F  20,  F  ti  11'5  and  AE,  11  04,  required  the  area  of  the 
segment  ? 

(FG  X  8)— AF       (11-5  X  8)  — 2»       „^    .     ,        . 
5 = 3 =  24  the  length 

r  the  arc  A  O  P  (Problem  XVII.);  then  24  X   1 1  04  = 

'..  area  of  M-ctor   A  E  B  F  G  A  (Tioblem  XXVII). 

I.  FD  — EF  =  nn  —11.04  =  5.53  =  El);  theu 

A  B  X  K  I)        205x5  553       ,„      „,    , 

= ^^- =:  66  0825  the  area  of  the  tr;- 

2  2 

angle  ABE,  which  lieing  added  to  the  area  of  the  sector 

before  found  will  jrive  the   area   of  the  segment,  viz.  279*30 
■\-  :>t)  f;x2  J  -  aa«i  0425  the  urea  of  the  segment  A  G  F  B  A, 

8 
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Rule  II.  To  two-thirds  of  tlie  product  of  the  chord  and 
versed  sine  of  the  segment,  add  the  cube  of  the  versed  sine 
divided  by  twice  the  chord,  and  the  sum  will  give  the  area  of 
the  segment,  nearly. 

When  the  segment  is  greater  than  the  semicircle,  find  the 
area  of  the  remaining  segment,  and  deduct  it  from  the  area 
of  the  wliole  circle,  the  remainder  will  give  the  area  of  the 
segment.* 

3.  What  is  the  area  of  the  segment  A  C  B,  less  than  a 
semicircle,  its  chord  being  18'9,  and  height  or  versed  sine 
D  C  2-4? 

A  B  X  D  C  =  18-9  X  2-4  =  45-36,  and  |  A  B  X  D  C 

2-43 
=  -I  X  45-36  =  30-24;  then  - — -— -    =   -36571  ;    hence 
^  '2  Xl8"9  ' 

30-24  -f  -36571  =  30-60571  the  area. 

NoTK.  If  two  chords  of  a  circle  cut  one  another,  the  rectangle  contained  by 
the  segments  of  one  of  them  is  equal  to  the  rectangle  contained  by  tiie  segment!! 
of  the  other.     This  is  the  3oth  Proposition  of  Book  111.  of  Euclid.  ' 

4.  Required  the  area  of  the  segment  A  G  F  B  whose  height 
F  D  is  20,  and  chord  A  B  20  ? 

^  =  ^=  10  =  AD,  andAD2=  100;  but  A  D^  =  FD 

YBc'^-    CD-  ^^'-^^^  -5 
X  D  C  .  .  C  D  _  -j^  -  20"  -  ^' 

The  area  of  the  segment  A  C  B  is,  by  the  last  case, 
69-7916;  and  the  area  of  the  whole  circle,  by  Problem 
XVIII.  is  490-875;  then  490-875  —  09-7916  =  421-0834 
=  area  of  the  segment  AGFB. 

5.  What  is  the  area  of  the  segment  AGFB,  greater  than 
a  semicircle,  whose  chord  A  B  is  12,  and  versed  sine  18  ? 

Ans.  297-81034. 

*  See  Appendix,  Demonstration  36 
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Rn.K  III.  Divide  the  height  of  the  segment  by  the 
diameter  of  the  t-ir.-Ie,  to  three  places  of  decimaU.  Fiiid  the 
quotient  in  the  colinun  Height  of  the  Taljle  at  the  end  of 
til'  treatise,  and  take  out  the  eorres- 

|)u  .1    multiply  the   square   of  the  dia- 

meter, itiid  lliti  pruduci  will   btt  the   area  of   the  segment 
required.* 

'•arc   I     If  the  <}u»ti«iil  of  the  height  by  the  diameler  be  greater  than  5  unit- 

.1  It  ftuu  I.  aii '.  r.u  1  U.e  Alia  Siir  ci  irsiK>ii<li!i);  to  the  lemainder,  which 
•«tt<tr*ct  frvai  T  - 

•    SoTK  II.   If  t-'.  e  diameier  ilnec  oot  terminate  in 

thri-*  lit-uies   I.  :  >   the   liitt  three  decimal  (i)(urcit 

0t  •  ~^'S--  multiply  the   re- 

m^.  ■  |>niJiict  to  the  area 

»«g _.    -:    -   -_  -                                                    la  ii.it  i>'.)uin'.l    the 

fracijiMHii  |NUl  mity  h«  oMttuotl. 

6.  Let  tl  •  r  be  20,  aud  the  versed  sine  2,  required 

the  area  of  <  nt  ?  H 

/y  ^    1,  to  which  answers  '040875 
Square  of  diameter,  400 


1635  area. 

7.  What  is  the  area  of  a  segment,  whose  diameter  is  52, 
aud  versed  sine  2  ? 

^  =  038 j^  which  is  the  tabular  rersed  sine.  Then  to 
"038  answers   009763,  and  the  difference  between  this  area 

Bi,<i  .1..-  ....vt  ;.  <w.n-^H-.  vi  i.i.i •inplied  by  jl  gives  -000177 

w;.  iO,  which  is  the  areaeor- 

re.^j»'*iiiiiii'z  lu  111.-  >t  I.MU  Min-  .r,,-)  j-^j.  Then  52^  X  0001)40 
=  2687776  is  the  area  required. 

PROBLEM  XXIX. 

1  Jiiul  the  area   of  a    zone,  or  the  space  included  by  two 
paraJIel  chords  and  the  ara  contaiiud  between  them. 

Ri'LK.  Join  the  extremities  of  the  parallel  chords  towards 
same  parts,  and  these  connecting  lines  will  cut  off  two 

*  It*  <pf>mlin,  OMMoctmiM  t7. 
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equal  segments,  the  areas  of  which  added  to  the  area  of  the 
'     [X'zoid  then  formed  will  give  the  area  of  the  zone, 

! .  Suppose  Lhe  greater 
■iord  A  13  =  30,  the  less 
'  D  20,  and  the  pcrpeu- 
uciiiar  distance  Dz  =  25, 
required  the  area  of  the 
zone  A  B  J)  C. 

i  (AB  — CD)=.rB  =  i 
>  oO  —  20)  =5:  then^(a:D-^ 

+  .rB-0=DB=V(25^  + 
5-)  =  25-49.  A  B  —  B  2; 
=  Ax  =  30  —  5  =  25,  and 
(A.7;  X  Rx)  -^Bx  —  ¥x  = 
(25  X  5)  ^  25  =  5.     j)x 


iV(CI>  +  DF^)  = 


+  F:r  =  DF  =  25  +  5  =  30; 
CF  =  Gz  =  i^(202  +  30^)  = 
18027,  tlie  radius  of  the  circle  ;  (DB  X  Ax)-i-  2l)x  =  Gy* 
=  (25  40  X  25)  -T-  (2  X  25)  =  \2-lib;G  z  —  G  y  =  zy  = 
18-027  —  12-745  =r  5-282,  the  height  of  the  segment  AzG. 
3()-05)  5-28  ('146,  the  tabular  area  segment  answering  to 
which  is  -071033,  then  -071033  X  (36-05)«  =  92315  =  the 
area  of  the  segment  A  z  C 

1  (A  B  +  C  D)  X  D  .r  =  J-  (30  +  20)  X  25  =  625  the 
area  of  the  trapezoid  A  B  D  C  :  then  625  +  92-315  X  2 
=  80963  =  the  area  of  the  zone. 

2  Let  the  chord  A  B  be  48,  the  chord  C  D  30,  the  chord 
A  C  15-8114;  what  is  the  area  of  the  zone  A  B  D  C  ? 

Am.  The  diameter  C  F  =  50,  height  of  the  segment 
A  z  C  —■  1-2829,  area  by  the  table  of  segments  =  13-595. 
Area  of  the  zone  A  B  D  C  =  53419. 

3.  Let  A  B  =  20,  C  D  =  15,  and  their  distance  =  17|; 
required  the  area  ?  Ans.  395-4369. 

4.  Let  A  B  =  96,  C  D  =  00,  and  their  distance  =  26; 
required  the  area  ?  Ans.  21367527. 


*  See  Appendix,  Demonitration  88. 
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To  find  the  area  of  a  drcuiar  ring,  nr  of  the  spau  included 
bdweem  two  concttUric  drdes. 

Ri'LK.   Multiply  the  khui  of  the  two  diameters  l\v  th^-ir 
ff«-reuee,  aud  the  product  arising  by    7664  for  the  area  of 
ue  hug.* 

I    The  diameter  A    B  is  30, 
Ml  C  D  20  ;  wiiat  is  the  area 
oi   the  ring  XX  ? 
80 
20 

50  sam 

10  diflerenoe 


600 
tt>o4 


3921 000  area  of  ring  XX. 

2.  What  is  the  area  of  the  circular  ring,  when  the  diam- 
1  tens  are  40  aud  30  ?  Aju.  649  78. 


3    Wliat  is  the  ar^;*  of    »  pircul.ir  rin 
I'  i    are  60  aud  46  ''. 


when  the  diaiue- 
Aiis.  373  066. 


PROBLEM  XXXL 

Xv  ,''"■'  ''••»  "'■'"'  of  a  part  of  a  ring,  or  of  tht  segment  of 
a  iedor, 

RiTUt.  Multiplj  half  the  sum   of  the  bounding  arcs   by 
diitauce   atander,   and    the    product   will   give   the 


t  8m  A|-i<cudik,  DemuuttiaUoa  40. 
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1 .  Let  A  B  be  50,  and  a  h  30,  and  the 
distance  a  A  10;  what  is  the  area  of  the  -^ 
space  a  i  B  A  ? 

^,,5.— t^X  10  =  400. 

2.  Let  A  B  =  60,  a  &=40,  and  a  A 
=  2;  required  the  area  of  the  space 
a  6  B  A  ?  Ans.  100. 

3.  Let  A  B  =  25,  a  b  =15,  and  a  A 
=  6;  required  the  area  of  the  segment 
of  the  sector  ?  Ans.  120. 


PROBLEM  XXXII. 

To  find  the  area  of  a  Itine,  or  the  space  inchded  letween  the 
intersecting  arcs  of  two  eccentric  circles. 

Rule.  Find  the  areas  of  both  segments  which  form  the 
June,  and  deduct  the  less  from  the  greater;  the  remainder 
will  evidently  be  the  area  required. 

1.  Let  the  chord  A  B  = 
40,  E  C  =  12,  and  E  D=r4; 
what  is  the  area  of  the  lune 
AD  B  C  A? 

By  note  page  50,  (A  E* 
-rE  C)  +  E  C  =  diameter  A 
of  the  circle  of  which  A  C  B  is  an  arc;  and  (A  E'^-^E  D) 
4-E  D  =  the  diameter  of  the  circle  of  which  A  D  B  is  an 
arc  ;  hence  (20'^  -f-  12)  +  =  45-3  ;  and  (20^  4-  4)  +  4 
='104  are  the  two  diameters. 


12-f- 45-3= -264. 


4-rl04=038. 


The  Area  Seg.  answering  to  -264  is  -165780,  and 
(45-3)^  X  -105780  =  3401954802  =  area  of  the  segment 
A  E  B  C  A  ? 


The   Area    Seg.  answering    to    -038    is    -009703,    and 
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104)'  X  009763  =  105-59fi608  =  area  of  the  segment 
A  E  B  D  A;  theu340195480i— 105  596008  =  234  5988722 
=:the  area  of  the  luiie. 

2.  Let  the  chord  A  B  be  40,  and  the  hei{>:ht8  of  the  seg- 
meuts  K  C  aud  K  D  15  aud  2  ;  required  the  area  of  the 
luue  ?  Aiu.  388-5. 


PROBLEM  XXXIIL 


TO    MEASVU   LOXO    IRREGULAR   FIGURBS. 


JVitn  irrtgular  figures,  not  redudbU  to  any  known  figure., 
present  thfwudrtt,  tktir  contents  are  lest  found  by  tlu 
wtetkud  of  equi-distant  ordinates. 

RcLK.  Take  the  breadths  in  several  places,  at  equal  dis- 
tances and  divide  the  sum  of  the  first  and  la^it  of  them  by  2 
for  the  arithnu'tical  mean  between  those  two.  Add  to<;ether 
t!:'  •' e  other  breadths,  omitting  the  first  and 

la  .  sum  by  the  number  of  parts  so  added, 

ti  1  give  the  mean  breadth  of  the  whole,  which 

h.  l  by  the  given  length  will  give  the  area  of 

the  tigure,  very  nearly. 

It  is  not  necessary  sometimes  to  take  the  breadths  at 
equal  dhitauees,  but  to  compute  each  trapezoid  separately, 
•nd  the  sum  of  all  the  separate  areas  thus  found  will  give 
the  area  of  the  entire,  nearly. 

Or,  add  all  the  breadths  together  and  divide  by  the 
numtier  of  them  for  a  mean  breadth,  which  being  multiplied 
'  V  the  length,  as  before,  will  give  the  area,  nearly. 

1.  I>et  the  ordinate  A  D  be  9  2,  i/7,  cy^9,rf  A  10,  B  C  8  8 
and  the  iMgth  A  B  30;  required  the  area  'i 
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9-2  AD 
8-8  B  C 


D 


2)18 


.9' 


^         h        c 

9  mean  breadth  of  first  and  last. 

nbf 
9  c  ^ 

10  ctli 


4)35  sum 


8't5  mean  breadtlj  of  all. 
30 


h 


d 


B 


262y0  area  of  the  whole  figure. 

3.  The  length  of  an  irregular  figure  is  39  yards,  and  its 
breadths,  in  live  equi-distaut  places,  are  4'8,  5-2,  41,  73, 
and  1-2;  what  is  its  area?        Ans.  215-475  square  yards. 

3.  The  length  of  an  irregular  figure  is  50  yards,  and  its 
breadths,  at  seven  equi-distant  places,  are  5"5,  f>'2,  73,  6, 
7'5,  7,  and  8'8;  what  is  its  area?  Ans.  34205  square  yards. 

4.  The  length  of  an  irregular  figure  being  37 '6,  and  the 
breadths,  at  nine  equi-distant  places,  0,  4'4,  G'5,  7  6,  5*4,  S, 
5'2,  Go,  61;  what  is  the  area?  Ans.  218"315. 
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1.  Find  the  area  of  a  square  whose  side  is  35*25  chains. 
Alls.  124  acres,  1  rood,  1  perch. 

3.  Find  the  area  of  a  rectangular  board,  whose  length  is 
2^  feet,  aud  breadth,  9  inches.  Ans.  9f  feet. 

3.  The  sides  of  three  squares  being  4,  5,  and  6  feet,  what 
ii  the  length  of  the  &ide  of  a  square  which  is  equul  tu  all 
•liree?  Aiis.  87 749  feet. 

4.  Required  the  area  of  a  rhomboid  whose  length  is  1051 
chaiuji,  aud  breadth,  4  28  chains  ? 

Ant.  4  acres,  1  rood,  39  perches. 

5.  There  is  a  triangle  whose  base  is  12  6  chains,  and  alti- 
tude 6  4  chains,  what  is  its  area  ?  Am.  40*32. 

6.  Find  the  area  of  a  triangle  whose  sides  are  30,  40  and 
50  yards.  Atu.  300  square  yards. 

7.  Tliere  u  a  triangular  com  field  whose  sides  are  150, 
2'  JO  yards,  determine  the  number  of  acres  contained 
iu  I,  and  thie  expense  of  reaping  the  corn  at  9».  6</. 
par  acre  i 

Ans.  Content  of  the  field,  3  acres,  15  perches;  expense  of 
reaping,  £1  9t.  bd. 

8.  What  most  the  base  of  a  triangle  be  to  contain  36  squara 
feet,  whu»e  vertt?x  ia  to  be  0  ft-.t  from  the  base  ? 

Ans.  8  feet 
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9.  What  must  be  the  altitude  of  a  triangle  equal  in  . 
to  the  last,  whose  base  is  12  feet  ?  Ans.  6  feet. 

10.  The  height  of  a  precipice  standing  close  by  the  side 
of  a  river  is  103  feet,  and  a  line  of  320  feet  will  reach  from 
the  top  of  it  to  the  opposite  bank;  required  the  breadth  of 
the  river  ?  Am.  302-97  feet. 

11.  A  ladder  12^  feet  in  length  stands  upright  against  a 
wall,  how  far  must  the  bottom  of  it  be  pulled  out  from  the 
wall  so  as  to  lower  the  top  6  inches  ?  Ans.  3^  feet. 


12.  A  person  wishing  to  mea- 
sure the  distance  from  a  point 
A,  at  one  side  of  a  canal,  to  au 
object  0,  at  the  other,  and  hav- 
ing no  instrument  but  a  book, 
placed  a  corner  of  it  on  the  point 

A,  and  directed  an  edge  of  it, 
as  in  the  figure,  in  a  straight 
line  with  the  object  0,  and  drew 
the  straight  lines  A  B,  A  C;  he 
then  placed  the  book  so  that  a 
corner    of   it  rested  on  the  point 

B,  at  the  distance  of  eiglit  limes 
its  length  from  the  point  A,  and 
directed  an  edge  of  it,  as  before, 
to  the  object  0,  and  drew  the 
straight  line  B  C  which  met  A  C 
at  the  distance  of  three  times  the 
length  of  the  book  from  A;  how 
many  times  the  length  of  the  book 
is  the  object  0  from  the  points  A 
and  B  ? 

Ans.  21J-  and  22-78  times. 

13.  What  is  the  area  of  a  trapezium  whose  diagonal  is 
70-5  feet,  and  the  two  perpendiculars  2()-5  and  30  2  feet  ? 

Ans.  1908-675  square  feet. 
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14.  What  is  the  area  of  a  trupezium  whose  diagonal  is 
lOS  feet  6  iaches,  and  the  perj>ei»dicular.s  56  feet  3  inches, 
aud  60  feet  9  iuciieti  T  Ans.  634 7  feet  36  iuches. 

15.  What  ia  the  area  of  a  trapezoid  whose  two  parallel 
sides  are  '5  aiid  122  liukj$,  aud  tlie  per|>eudieular  distance 
154  liului  ?  Ans.  13629  square  liuks. 

16.  A  field  in  the  form  of  a  trapezoid,  whose  parallel  sides 
are  6340  aud  4380  yards,  and  the  perpendicular  distance 
between  them  121  yards,  lets  for  i;207  Us.  per  annum  ; 
what  is  that  per  acre '/  Ans.  £1   lis. 

17.  Two  opposite  angles  of  a  four  sided  field  are  together 
equal  to  two  n^^ht  auj^les,  aud  the  sides  are  24,  26,  28,  aud 
30  yards;  what  is  its  area  ? 

Ans.  723*99  square  yards,  nearly. 

18.  1*  the  area  of  a  fij^^ure  similar  to  that  annexed 
to  the  t  iu  untier  Troljlem  XIV'.,  whose  dimensions 
are  double  ut  itiose  there  giveu  't 

Ans.  3411-6. 

19.  What  is  the  side  of  an  equilateral  triangle  equal  in 
area  to  a  itqiure,  vhoae  skle  is  10  feet  ? 

Ans.  15' 196  feet,  nearly. 

20.  Required  the  area  of  a  regular  nonagon,  one  of  whose 
sides  is  8  feet,  aud  the  perpendicular  from  the  centre  = 
10  99  feet  ?  Ans.  395  64  square  feet. 

21.  lU^iuired  the  area  of  a  regular  decagon,  one  of  whose 
sides  is  205  yards?  Aiu.  3233491 125  square  yards. 

22.  A  wheel  of  a  car  turns  round  4400  times  in  a  distance 
of  10  miles;  what  is  its  diameter  ? 

Ans.  3.819708  feet. 

■!  a  circle  be  9  feet,  what  is  the  length 
Aiu.  2b^  feet,  nearly. 
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24.  Required  the  length  of  aa  arc  of  60°;  the  radius  of 
the  circle  being  14  feet  ?  Ans.   14-6607'I2  feet. 

25.  The  chord  of  an  arc  is  30  feet  and  the  height  is  8 
feet,  what  is  the  length  of  the  arc  ?      Ans.  35^-  feet,  nearly. 

26.  The  diameter  of  a  circle  is  200,  what  is  the  area  of 
the  quadrant  ?  Ans.  1854. 

27.  The  diameters  of  two  concentric  circles  are  15  and 
10,  what  is  the  area  of  the  ring  formed  by  those  circles  ? 

A71S.  98-175. 

28.  The  circumference  of  a  circle  is  62832  yards,  what  is 
the  radius  of  a  concentric  circle  of  half  the  area  ? 

Ans.  141-42. 

29.  What  is  the  side  of  a  square  equal  in  area  to  the  circle 
whose  di-ameter  is  3  ?  Ans.  2-6586807. 

30.  The  two  parallel  chords  of  a  zone  are  16  and  12  and 
their  perpendicular  distance  is  2,  what  is  the  area  of  the 
zone  ?  Ans.  28-376. 

81.  The  length  of  a  chord  is  15,  and  the  heights  of  two 
segments  of  circles  ou  tlie  same  side  of  it  are  7  and  4;  what 
is  the  area  of  the  lune  formed  by  those  segments  ? 

Ans.  38,  nearly. 

32.  The  base  and  perpendicular  of  a  right-angled  triangle 
are  each  1,  what  is  the  area  of  a  circle  having  the  hypothenuse 
for  its  diameter.  Ans.  1-6708. 

33.  If  the  area  of  a  circle  be  100,  what  is  the  area  of  the 
inscribed  square  ?  Ans.  6306. 
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SECTION  III. 

OF  THE  ELLIPSIS .♦ 
PROBLEM  I. 


The  »'■"«<•"■ ''it  and  r/mjugeUe  diameters    of  an    ellipsis  being 
given,  to  find  the.  area. 

Rule.  Multiplj  the  transrerse  and  coDJu^ute  diaiuelcr8 
tli^etlier,  and  the  product  arising  by  '7854,  and  the  result 
will  be  the  area.f 

1.  Let  tiie  tratiKversc  axis  be  35,  aud  the  conjugate  axis 
25;  required  the  area  ? 

35X-'  '  ^687-225  Ans. 

2.  T!ie  lon^r  diameter  of  au  i  ;0,  and  the  shorter 
50;                        ".a?  Ah$.  2748-9. 

b  area  of  an  ellipse  whose  longer  axis  is  80, 

and  shorter  axii*  is  60  ?  Ans.  o7<)9'y2. 

4.  What  is  iLl'  area  of  an  tllif^e,  whose  diameters  are 
50  and  45?  Ahs.  1767  15. 

PROBLEM  II. 

To  find  the  urea  of  an  elliptical  ring. 

Rui.K.  Fiiui  the  area  of  each  ellipse  separately,  and  their 
difference  will  be  the  area  of  the  ring. 


*  For  irtnllummt  t\  *»  H  U  f re  ,  .    auJ  Uit 

etbar  C<.  me  S<rctiun<.  H<  ■  ia|^itie«  vl   . 
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Or,  From  the  product  of  the  two  diameters  of  the  greater 
ellipse  deduct  the  product  of  the  two  diameters  of  the  less  and 
multiply  the  remainder  by    7854  for  the  area  of  the  ring.* 

1.  The  transverse  diaioetcr  A  B  is  *I0,  and  the  conjugate 
C  1)  50;  and  the  transverse  diameter  E  F  of  another  ellipse 


having  the  same  centre  0,  is  35,  and  the  conjugate  G  H  is 
25;  required  the  area  of  the  elliptical  space  between  their 
circumferences  ? 

10  X  50  X  -1854  =  2148-9;  and  35  X  25  X  '1854 
=  687-225;  then  2T48-9  —  687-225  =  2061-675  =  area 
of  the  elliptical  ring. 

70  X  50=8500 

35  X  25=  875 


2625  X  •7854  =  2061-675i=area. 

2.  The  transverse  and  conjugate  diameters  of  an  ellipse 
are  60  and  40,  and  of  another  30  and  10;  required  the  area 
of  the  space  between  their  circumferences?  Ans.  1649-o4. 

3.  A  gentleman  has  an  elliptical  flower  garden,  whose 
greater  diameter  is  30,  and  less  24  feet;  and  has  ordered  a 
gravel  walk  to  be  made  round  it  of  5  feet  6  inches  in  width  ; 
required  the  area  of  the  walk  ?  Ans.  371-4942  feet. 

PROBLEM  III. 

Given  the  height  of  an  elliptical  segment,  whose  base  is  pa- 
rallel to  either  of  the  axes  of  the  ellipse,  and  the  two  axes 
of  tlie  ellipse,  to  find  the  area. 
Rule.  Divide  the  height  of  the  segment  by  that  diameter 

of  which  it  is  a  part,  to  three  places  of  decimals,  find  the 

*  See  Appcudix,  Demouiilt'atioa  43. 
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IQoticDt  ID  the  colunm  Height  of  the  Table  referred  to  in 
»age  51,  and  take  out  the  corresjx)ndent  Area  Sej^.     Multi- 
ply the  Area  Seg.  thus  fouud  and  both  the  axes  of  the  elUp- 
Bts  together,  and  the  result  will  give  the  area  required.* 

1.  Required  the  area  of  an  elliptical  segment  R  A  Q 


Q     D 


whose  heijrbt  A  P  is  20;  the  tranverse  axis  A  B  being  70, 
and  the  conjugate  axis  C  D  50  ? 

20  -r  70  =    2854  =  the  tabular  versed  sine,  the  corres- 
ponding  segment   ausweriug    to    which    is     185166 ;    then 
185166  X  70  X  50  =  648  081,  the  area. 

2.  What  is  the  area  of  an  elliptical  segment  cut  off  by  a 
chord  parallel  to  the  shorter  axis,  the  lieijfht  of  the  segment 
being  10,  and  the  two  diameters  35  and  25  ? 

Ans.  1620202. 

3.  What  is  the  area  of  an  elliptical  segment  cut  off  by  a 
chord  parallel  to  lb'-  .is,  the  height  of  the  segment 
being  10,  and  the  tM '  is  40  and  30? 

Ans.  2750064. 

4.  What  is  the  area  of  an  elliptical  segment  cut  off  by  a 
lord  parallel  to  the  shorter  diameter,  the  height  being  10, 
lid  the  two  diameters  70  and  50  ?  Ans.  240  884. 


'  Iw  Aiyilur,  DasoiuUmlim  43. 
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PROBLEM  IV. 

To  find  tlie  circuvife.reiice.    of  an   ellipse,  by  having   the  two 
diameters  given. 

Rule.  Multiply  the  sum  of  the  two  diameters  by  1'5708,. 
and  the  product  will  give  the  circumference  nearly;  that  is,\ 
putting  t  for  the  transverse,  c  for  the  conjugate,  and  p  for 
3'1416;  the  circumference  will  be  {t-\-c,)  X  \p* 

1.  Let  the  transverse  axis  be  24,  and  the  conjugate  18; 
required  the  area  ? 

(24  +  18)  X  1-5^08  =  42  X  15708  =  65-9736  is  the 
circumference,  nearly. 

2.  Required  the  circumference  of  an  ellipse  whose  trans- 
verse axis  is  30,  and  conjugate  20  ?  Ans.  78'54, 

3.  Required  the  circumference  of  an  ellipse  whose  dia- 
meters are  60  and  40  ?  Ans.  157'08. 

4.  What  is  the  circumference  of  an  ellipse  whose  dia- 
meters are  6  and  4  ?  Ans.   15'708. 

5.  What  is  the  circumference  of  an  ellipse  whose  dia- 
meters are  3  and  2  ?  Ans.  7 '854, 

PROBLEM  V. 

To  find,  the  length  of  any  arc  of  an  ellipse. 

Rni.E.  Find  the  length  of  the  circular  arc  x  y,  inter- 
cepted by  0  C,  O  B,  and  whose  radius  is  half  the  sum  of 
0  C,  O  B:  and  it  will  be  equal  to  the  elliptical  arc  B  C, 
nearly."}" 

NoTK.  The  nearer  the  axes  of  the  ellipse  npproach  towards  equality,  the  more 
4xact  the  reiiilt  of  the  operation  l>y  this  Rule  ;  and  the  Icsii  tlieellipticnl  arc,  the 
nearer  iti  exact  length  will  approach  the  arc  x  y. 

*  See  Appnndix,  DeiiioMstrnlion  41. 
t  See  Appendix,  Ocmunatratiou  45. 
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1.  Let  the  axis  A  D  be  24,  C  K   18,  and  O  T  3;  re- 
quired the  length  of  the  arc  B  C  ? 

Here  we  have  T  D  =  9,  and  A  T  =  15;  then  from  the 
property  of  the  ellipuis,  we  have  AG'  :  O  C*  ::  A  T  X 


)=  9  21616,  the 


v'  (O  f  X  T  B')  =  V(9+i^i^^ii5 

radioB  of  the  circle  of  which  G  B  is  an  arc;  but  O  C  is  the 
mdius  of  the  circle  of  which  C  V  is  an  arc;  therefore  the  ra- 
dios of  the  circle  of  which  ry  is  an  arc,  is  ^  O  C  +  J^  0  B 
=  9  10808.  But  by  Trigononuiry*  IIB-7-OB  =3-^ 
9  21CI6  =  •3255l'5,  is  the  sine  of  the  anjrie  COB, 
or  arc  z  nr,  to  the  radius   1,  ausweriiig  to  IS^'JGS  degrees. 

''■'    -■'■■''■■   »  V  (•-  '  ' \  y\\    !'"i.-  I,  the  length  of  the  arc 

-  =  30192,  which  is  also 
t<jii;ii  uj  uic  icii^iu  ut  Hit'  <'iii])i:cai  arc  C  ii,  nearly. 

2.  Given  A  D  30,  C  K  20,  and  O  T   5;  required  the 
length  of  the  arc  B  C  ?  Aiu.  5  03917786255. 

3    Given   A    D   40,  C  D  30,  and  O  T  5;  required  the 
length  of  the  arc  B  0  7  Ans.  5'U33bb01»(>. 


*  It  Msy  b*  Atmm  wHKoat  TriKononMry.  bjr  llrat  findioi;  the  lens tb  ot  tlio  vn 
U  »  by  H«to  IL  frab.  XVU.  liM.  3,  tbw  OU:OY::UB:yz. 
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PROBLEM  VI. 

Given  the  diameter  and  abscissas,  to  find  the  ordinate. 

Rule.  Say,  as  the  transverse  is  to  the  conjugate,  so  is 
the  square  root  of  the  rectangle  of  the  two  abscissas,  to 
the  ordinate.* 

1.  In  the  ellipse  A  C  D  K,  the  transverse  diameter  A  D 
is  100,  the  conjugate  diameter  C  K  80,  and  the  abscissa 
D  T  10;  required  the  length  of  the  ordinate  T  B  ? 

100:80  ::v^(90  X  10)  :  T  B  =  24.  (See  the  last  figure.) 

2.  Let  the  transverse  axis  be  35,  the  conjugate  25,  and 
the  abscissa  7;  required  the  ordinate  ?  Ans.  10. 

3.  Given  the  two  diameters  70  and  60,  and  the  abscissa 
10;  required  the  ordinate  ?  Ans.  20-99i:5. 

PROBLEM  YII. 

Given   the  transverse  axis,    conjugate  and  ordinate,   to  find 
the  abscissas. 

RuLK.  As  the  conjugate  is  to  the  transverse  diameter,  so 
is  the  square  root  of  the  difference  of  the  squares  of  the 
ordinate  and  semi-conjugate,  to  the  distance,  between  the 
ordinate  and  centre.  Tiien  this  distance  being  added  to, 
and  subtracted  from,  the  semi-diameter,  will  give  the  two 
abscissas. f 

1.  Let  the  diameters  be  35  and  25,  and  the  ordinate  10; 
required  the  abscissas  ? 

-R      ,,       T>  ,      35     35    ,/r25l^     1n'^        35  +  21 
By   the    Rule    _+_V(  [-J -10  )^   -1^=28 

and  t  the  two  abscissas. 

2.  Let  the  diameters  be  120  and  40,  and  the  ordinate 
16;  required  the  abscissas?  Ans.  9G  and  24. 

•  See  Appendix,  Dcinoiistiation  '16. 
t  See  Ai>|>ciidix,  Dcmuuiiti'utioii  47. 
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PROBLEM  VIII. 

Given  the  conjugate  axis,  ordinate,  anil  abscissas,  to  find  the 
transverse  axis. 

!*'  K.  Fiod  the  square  root  of  the  difference  of  the 
.-  ,  .  .:  -  of  the  semi-conjugate  axis  and  the  ordinate,  which 
a  .  :  '.  '.  ir:  ~  ;  Tact  from,  the  semi-conjugate,  according  as 
tiiv  ic-s  iw»(  v-a  ur  greater  is  given. 

Tlieu  say,  as  the  square  of  the  ordinate  is  to  the  rectangle 
of  the  conjugate,  and  the  abscissa,  so  is  the  sum  or  difler- 
euce  fouud  above  to  the  transverse  required.* 

1.  Let  the  ordinate  be  10,  and  the  less  abscissa  7;  what 
is  the  diameter,  allowing  t&e  conjugate  to  be  25  ? 

n/CCtt]*— 1^=  '^■5;  then  lb  +  12-5  =  20;  then 
10*  :  25  X  1  ::  20  :  35  the  transverse  required. 

2.  Let  the  ordinate  be  10,  the  greater  abscissa  28,  and 
the  conjugate  25;  required  the  transverse  diameter  ? 

Ans.  35. 

PROBLEM  IX. 

Cfiten  the  transverse  axis,  ordinate,  and  abscissa,  to  find  the 
conjugate. 

Ri'LE.  The  square  root  of  the  product  of  the  two  ab- 
KiMa«  is  to  the  ordinate,  as  the  transverse  axis  is  to  the 
conjugate.  I 

1.  Let  the  transTerse  axis  be  35,  the  ordinate  10,  and 
the  abscissas  28  and  7;  required  the  conjugate  ? 

/m   X    71     10    -35-  ^^   X    10    _  35   X    10       _ 
V(28  X   7).  10  ..35.^^^^^^^-  - 

25,  the  coDJn^te. 


*  Sm  A^fmmiix,  D»uioMtftioa  48. 
t  8m  A|<|«Bdi](,  l><MMMMtnliun  49. 
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2.  Let  the  transverse  diameter  be   120,  tlie  ordinate  IG, 
and  the  abscissas  24  aud  96;  required  the  conjugate  ? 

Anx.  40. 


OF    THE    PARABOLA. 


PROBLEM  X. 

Given  the  base  and  height  of  a  parabola  to  find  its  area. 


Note.  Any  double  ordinate,  A  B,  to  the  axis  of  a 
parabola  may  be  called  its  base,  and  tlie  abscissa 
O  D,  to  that  ordinate  its  height. 

Rule.  Multiply  the  base  by  the  ^^ 
height,  and  |  of  the  product  will  be  ^ 
the  area.* 


1.  Required  the  area  of  a  parabola,  whose  height  is  G  and 
base  12? 

6  X  12  X  f  =  48  the  area. 
3.  What  is  the  area  of  a  parabola,  whose  base  is  24,  and 
height  4  ?  Ans.  64. 

3.  What  is  the  area  of  a  parabola,  whose  base  is  12,  and 
heiffht  2?  A/is.  16. 


*  See  Appendix,  Dcraonstratioa  50. 


minjRATiow.  89 

PROBLEM  Xr. 

To  find  tkt  area  of  the  zone   of  a   parabola,  or  the  space 
betteeen  hoc  parallel  double  ordinates. 

RvLK  I.  When  the  two  double  ordinates,  their  distauce, 
aud  the  altitude  of  the  whole  parabola  are  given;  find  the 
irea  of  the  whole  parabola,  and  tiiid  also  the  area  of  the 
ti!  1  ',  their  difference  will  be  the  area  of  the  zone. 

II  le  two  double  oniinates  and  their  distance  are 
;,'iven:  lo  ihf  sum  of  the  squares  of  the  two  double  ordinates, 
add  their  product,  divide  the  sum  by  the  sum  of  the  two 
double  ordinates,  multiply  the  quotient  by  |  of  the  altitude 
of  the  roue,  and  the  j)roduet  will  be  the  area  of  the  zone.* 

1.  Giveu  A  B  20,  S  T  12,  and  D  x  8;  what  is  the  area 
of  the  loue  A  S  T  B,  the  altitude  D  O  beinj?  12-5  ? 

(20  X  12  5)  X  I  =  1(>6|  =  area  of  the  parabola  ABO, 
and  ( 12  y  —  8)  x  11  =  54,  and  54  X  |  =  30;  hence  1G6| 
—  30  =  13U^  the  area. 

III  When  the  altitude  of  the  whole  parabola  is  not  given. 
li    Sti]  |.ose  the  double  ordinate  A  H  =  10,  the  double  or- 

(i:u;ite  b  T  =  6,  and  their  distauce  D  z  =  4  ;  what  is  the 

uiLii  uf  the  zone  A  S  T  B  ? 

10»  4-  6«  -f  10  X  6 
j^-^pg =  12};  then  12x  X  4  X  i  =  33|. 

the  area  a^  l>efore. 

1    T  .  I   the  double  ordinate  A  B  =  30,  C  ?=  25,  and 
liCe  D  G  =  6  ;  required  the  area  of  the  zone 

-1  '  '  Ans.  105|*y. 

PROBLEM  XIL 

To  fend  the  length  of  the  curve,  or  arc  of  a  parabola,  cut  off 
by  a  double  ordinate  to  the  axis. 

RCLE. 

I.  Dinde  the  double  ordinate  by  the  parameter,  and  call 
the  quotient  q. 


>Sm  Apfieadis,  OemoutrttiOB  61. 


TO  COXIC    SECTIONS. 

II.  Add  ]  to  tlie  square  of  the  quotient  q,  and  call  the 
square  root  of  the  sum  *-. 

III.  To  the  product  of  q  and  s,  add  the  hyperbolic  \o^a.- 
rithm  of  their  sum,  then  the  last  sum  multiplied  by  half  the 
parameter,  will  give  the  length  of  the  whole  curve  on  both 
sides  of  the  axis. 

Putting  c  for  the  curve,  q  for  the  quotient  of  the  double 
ordinate  divided  by  the  parameter,  5  for  ^  (1  +  q"^)  and  a 
for  half  the  parameter;  then 

c  =  a  X  {qs  +  hyp.  log.  of  {q  +  s.)}* 

Note.    The  common  logarithm  of  any  number  multiplied  by  a'3025S5093  gives 
the  hyperbolic  logarithm  of  the  same  number. 

1.  What  is  the  length  of  the  curve  of  a  parabola,  cut  off 
by  a  double  ordinate  to  the  axis,  whose  length  is  12,  the 
abscissa  being  2  ? 

2;    =    2  and  y  —   Q  -^    then  a   =  y  ^  =    \^    =9, 

and  q  =y^  =  -^=  I,  also5=V(l  +  ?')  =  V  (1  +  v) 

=  V  (¥  =  i  V  (13  =  1-2018504  =  s.  Then  ^  + 
1-2018504  =  1-868517,  whose  common  logarithm  is 
•2n49'7,  which  being  multiplied  by  2-302585093,  pro- 
duces -6251449  for  its  hyperbolic  logarithm;  and  also  |  + 
1-2018504  =  -8012336;  the  sum  of  these  two  is  1-4263785, 
therefore  9  X  1-4263785  =  12-8374065,  is  the  length  of  the 
curve  required. 

Rule  II.  Put  y  equal  to  the  ordinate,  and  q  equal  the 
quotient  arising  from  the  division  of  the  double  ordinate  by 
the  parameter,  or  from  the  division  of  double  the  abscissa 
by  the  ordinate;  then  the  length  of  the  double  curve  will  be 
expressed  by  the  inlinite  series. 


^  See  Ai^pendix,  Domonstratioii  bi. 


MIKSUBATIOK.  11 

Narr.  Ttiit  MriM  will  eoarerir*  M>  U>ngtx  than  till  «  >=  1.    For  when  g  u 
gra«ter  tkaa  1, 1^  certM  will  iliT«rg«. 

Let  the  last  example  be  resamed,  in  which  the  abscissa  is 
8,  aud  the  ordinate  6. 

Hence,  2x2-r6  =  |  =  ^;  then  employing  |  instead 
of  9  in  the  last  series,  we  get 

1»  X  (I  +  ^-^  -  <-^  +  3  X  ^)  =  12-837  the^ 

length  of  the  curve  as  before. 

RcLE  III.  To  the  square  of  the  ordinate,  add  ^  of  the 
square  of  the  abscissa,  and  the  square  root  of  the  sum  will 
be  the  length  of  the  single  curve,  the  double  of  which  will 
be  the  length  of  the  double  curve,  nearly.* 

KoT«:    The  two  firvt  mlat  are  not  recommended  in  practice  —The  practical 
■|>pUck'.iuji  ul  tXiii  ii  much  timpler,  end  ii  therefore  to  be  employed  in  preference 


Retaining  the  same  example,  in  which  x  =  2,  and  y  =  6, 
we  shall  get  r  =  ^  (y  -|-  i  r^)  =  ^  (36  +  '/)  =  61291, 
and  C  =  12  8582,  nearly. 

2.  Required  the  length  of  the  parabolic  curve,  whose  ab- 
sci&su  is  3.  uud  the  ordinate  8?  Am.  n'435. 

PROBLEM  XIIL 

GircH  i  hsrisias  ami  the  ordinate  to  out  of  them,  to  find 

^i/nding  iirdituUe  to  tfu  second  abscissa. 

RvuL  Say,  as  the  abscissa,  whose  ordinate  is  given,  is  to 
the  square «.'   '  '•,  so  is  the  other  given  abscissa 

to  the  squu  ..u;.^  ordinate. f 

1.  If  the  abiioiiia  z  O  =  !•),  a:.  I  the  ordinate  z  S  =  8, 
what  iij  the  ordinate  A  D,  whu.v  uom  i>sa  D  O  is  20? 

X  0  :  X  S*  ::  D  O  :  A  D«,  viz.  10  :  64  ::  20  :  128,  the 
sqoare  root  of  which  is  11*313,  4(C.   =  A  D.  i 

*aet  eoMMtratirM  U. 

ItM  .  -iifMtm^H' 


CnXIC    SKCTTOKS. 


2.   If  6  be  tlie  ordinate  eorrc.sj>oiidinp;'  to  tlie  abscissa  9, 
required  the  ordinate  corresponding  to  the  abscissa  16  ? 

Ans.  8. 


PROBLEM  XIY. 

Given  two  ordinate^  aoid  the  abscissa  corresponding  to  one  of 
them,  to  find  the  abscissa  corresponding  to  the  ot/ier. 

Rule.  Say,  as  the  sqaare  of  the  ordinate  whose  abscissa 
is  given,  is  to  the  given  abscissa,  so  is  the  square  of  the 
other  ordinate  to  its  corresponding  abscissa.* 

1.  Given  ^  x  =  Q,  x  O  =^  9,  and  A  D  =  8  ;  required 
the  abscissa  O  D  ?  36  :.  9  ::  64  :  16  =  O  D. 

2.  Given  S  x  ~  8,  a;  O  =  10,  and  A  D  =  9  ;  required 
0  I)  ?  Ans.  12-656. 


PROBLEM  XV. 

Given  two  ordinates  perpendicular  to  the  axis  and  t/ieir  dis- 
tance, to  fiiul  the  corresponding  abscissas. 

RuT.E.  Say,  as  the  dillerence  of  tlie  squares  of  the  ordi- 
nates  is  to  their  distance,  so  is  the  square  of  either  of  them 
to  the  corresponding  abscissa. f 

1.  Given  S  :c  =  6,  A  D  —  8,  and  zJ)  —  1;  required  the 
abscissas  ? 

(64  —  36)  :  1  ::  64 

28    :  *;  ::  64  :  16  r=  0  D,  and 
28    :  1  ::  36  :    9  =:  O  a;. 

2.  Given  S  x  ~  3,  A  D  =  4,  and  re  D  =  2;  required 
the  abscissas  ?  Ans.  4^  and  2-^. 


*  Seo  Avi'cnilix,  Demonfitiatioii  n4. 
f  Sut!  A]>jiguUix,  DcuiO])sti'ati<>u  &5. 
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OF    THE    HYPERBOLA. 


PROBLEM  XVI. 


Girtu    tkt    transverse    and    conjugate    diameters,    and   any 
iua,  to  find  the  corresponding  ordinate. 


RiLK.  As  the  transverse  is  to  the  conjopate,  so  is  the 
meau  proportioual  bttweeu  the  abscissas  to  the  ordinate* 

I.  If  the  transverse  be  24,  the  conjugate  21,  and  the 
le&i  abscissa  A  D  8 ;  required  the  ordinate  ? 

K*Ts.    TIm  1*m  kl»Misc«  kdded  to  the  traiuverM  givef  the  greater. 


o 


24  :  21  ::  V  (32  X  8)  :  -^n/^3^X8)   ^     ^^     ^^^^ 
ordinat' 

2.  If  trie  tra:  '         '  vjierbolu  be  120,  the  less 
ilMcina  4U,  the  red  the  ordinate  ? 

Ans.  48. 

3.  The  tnuMTWM  axis  being  60,  the  coojagate  86,  and 
the  leas  abadm  20;  what  is  the  ordinate  ?  Ans.  24. 


1—  AftniJM,  D— oattwtii «. 
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T^  OONIC    f^CTTONS. 

PROBLEM  XVII. 

Given    the    traiisrerse,  conjugate^  and    ordinate,  to  find    the 
abscissa. 

Rur.E.  To  the  square  of  half  the  conjugate,  add  the 
square  of  the  ordinate,  aud  extract  the  square  root  of  the 
sum.     Then  say. 

As  the  conjugate  is  to  the  transverse,  so  is  that  square 
root  to  half  the  sum  of  the  abscissas. 

Then  to  this  half  sum,  add  half  the  transverse,  for  the 
greater  abscissa;  aud  from  the  half  sum  take  half  the  trans- 
verse for  the  less  abscissa.* 

1.  If  the  transverse  be  24,  and  the  conjugate  21;  re- 
quired the  abscissas  to  the  ordinate  14  ? 

10-5  =  1  conjugate  14  =  ordinate. 
10-5  14 


110-25  196 

196 


306'25  the  square  root  of  v/hich  is  1*1 '5;  then  21  : 
24  ::  IT'S  :  20  =  half  sum,  20  +  12  =  32  the  greater 
abscissa,  and  20  —  12  =  8  the  less  abscissa. 

2.  The  transverse  is  120,  the  ordinate  48,  and  the  con- 
jugate 12;  required  the  abscissas  ?  Ans.  40  and  160. 

PROBLEM  VIII. 

.Give».    the    conjugate,    ordinate,    and  abscissas,  to   find  the 

transverse. 

iRuijE.  '%<i  or  from  the  square  root  of  the  sura  of  the  squares 
ot'  the  ordinjvt/i  and  semi-conjugate,  add  or  subtract  the  semi- 
conjugate,  ftOQfte.ding  as  the  less  or  greater  abscissa  is  used; 

/.Seo  Appeudtx,  Demoiutratioii  61. 
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then,  as  the  sqaare  of  the  ordinate  is  to  the  product  of  tho 
abscissa  and  coujugate,  so  is  the  sam  or  difference,  above 
found,  to  the  transverse.* 

1.  Let  the  conjugate  be  21,  the  less  abscissa  8,  and  its 
ordinate  24 ;  required  the  trtinsverse  ? 

21  X  8  X  <y  (14«-f  ^')  4-  10^ 

4 


=  3  X  V  (3*  +  **)  +  3)  =  3  X  (5  4-  3)  =  24  the  trans- 
Tene. 

2.  The  conjugate  axis  is  72,  the  less  abscissa  40,  the 
ordinate  48;  required  the  transverse  ?  Ans.  120. 

3.  Tlie  ('  *  is  36,  the  less  abscissa  20,  and  its 
ordinate  24;  ;  the  transverse?  Ans.  60. 

PROBLEM  XIX. 

Optem  the   abscissa,   ordiruUe,    and   transverse    diameter,    to 
find  ike  conjugate. 

RcLE.  As  the  mean  proportional  between  the  abscissas 
to  the  ordinate,  isO  is  the  transverse  to  its  jconjugate.f 
1.  What  is  the  conjugate  to  the  transverse  24,  the  less 
tbgcJBsa  being  8,  and  its  ordinate  14  ? 

24    X    14        „,    , 

7(32-3^)=  21  the  conjugate. 

S.  The  transverse  diameter  is  60,  the  ordinate  24,  and 
tlie  leaf  abtcigsa  20;  what  is  the  coujugate  ?        Am.  36. 

PROBLEM  XX. 

Given  any  two  ahuitsmt,  X^  x,  and  thdr  ordinates,  Y^  y,  to  find 
the  transverse  to  tohich  they  belong. 

Rlle.  Multiply  each  abscissa  by  the  square  of  the  ordi- 
nate U'lougiug  to  the  other;  multiply  albO  the  square  of 
ftt'h  aliACiAiia  by  the  square  of  the  other's  ordinate;  then 

*  8m  ApfWi<i»,  UMBOiutnUoii  M. 
t  Sm  .ippwidix,  DeaM>iutr»tioii  i9. 
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CONIC    SECTIONS. 


divide  the  difference  of  the  latter  products  by  the  difference 
of  the  former ;  and  the  quotient  will  be  the  transverse  dia- 
meter to  which  the  ordinates  belong.* 

1  If  two  absciassas  be  1  and  8,  and  their  corresponding 
ordinates  4f  and  14,  required  the  transverse  to  which  they 
belong  ? 

^8^  X  4|-  X  4f  —  P  X  14«     35  X  35  —  14  X    i  4 

1  X  14^  —  8  X    4f  X    W'U  X  14  —  35  X   4^ 
5X5  —  2X2     21   X8 


Here- 


2  X  2  —  5  X 


7 


4f     14  X  14  — 35  X 
:24,  the  transverse. 


PROBLEM  XXI. 


To  find  the  area  of  a  space  A  X  0  B,  honndcd  on  one  side 
by  the  curve  of  a  hyperbola,  by  vieans  of  eqtd-distant 
ordinates. 

Let  A  X  be  divided  into  any  given  number  of  equal  parts, 
A  C,  C  E,  E  G,  &c.,  and  let  perpendicular  ordinates  A  B, 
C  D,  E  F,  &c.,  be  erected,  and  let  these  ordinates  be  ter- 
minated by  any  hyperbolic  curve  B  D  F,  &c.;  and  let  A  = 
AB  +  XO,  B  =  CD+GH+LM,  &c.,  and  C  =  E  P 
-f  I  K,  &c.;  then  the  common  distance  A  C,  of  the  ordi- 
nates, being  multiplied  by  the  sum  arising  from  the  addition 
of  A,  4  B,  and  2  C,  and  one-third  of  the  product  taken  will 


M   O. 


be  the  area,  very  nearly.     That  is, 
the  area  putting  D  =  A  C.f 

♦  Sko  Appendix,  Demonstration  60. 
fSeo  Ai>)ieiidix,  Demonatiation  61. 
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!      '  It, 

-  feet;  reqaired  the  area  Ins.  300^  leet. 

-    (i'.  '13  fqui-distmii  ordinates,  viz.,  A  B 

,  '  .     F  =  8,  also  the  leiitrtli  of  the  base 

A  K  lUj  wh^i  is  lac  area  of  the  Ggure  A  B  F  E  ? 

Ans.  68J  feet. 

3.  If  tbe  Icnj^th  of  the  Hsymptoto  of  a  hyperbola  be  I,  and 

•'    '    '     ' '         •  '    *:iut  ordiuutes  lietweeu  it  ami  tlic  curve, 

«•  of  the  ordiiiates  will  then  be  ',\,  and 

•  <)i   the  curve  their  lenjjtiis  will  be  |J,  |J, 

rJ.  II.  11.  15.  U  ;  what  is  the  area  of  the 

ic  .'  Am.  -69315021. 

I'llti  will  niKwer  for  finding  the  area  of  all  curves 

I  '.ndicular  to  the  axis.     The  preuter 

......   -..   ^,.^,. .,.>.>  euiployed,  the  more  accurate  the 

:  but  iu  real  practice  three  or  hve  are  ia  mo<>t  caseia 

•  aiijLicUt. 

l'iiuiii^r..M   A  Ail 

To  Juui  tJu  length  of  any  arc  of  an  hyferbuLa,  bc^nuung  at  tJbt 
vtrttx. 

BlLti. 

To  19  times  the  square  of  the  transrerse,  add  21  times 
■      ite;  also  to  9  t!.'  i|Uareofthe 

>  •,  21  limes  thi  of  the  con- 

i^^-^  I  of  thetie  (jumii  by  ihc  abscissa. 

II.   HI  run  oi   tii.-M'  two  '^  ^'^  .  thus  fouud.  add  15 
lime*  the  product  of  the  tra  nd  the  square  of  the 

-  itle. 

*.i.  Then,  m  the  less  of  these  results  it  to  the  ^euui,  ^u 
M  the  ordiitale  to  the  length  of  the  curve,  uearly.' 


(5  CON'IC    SECTIONS. 

1.  In  the  hyperbola  BAG,  the  transverse  diameter  is  80, 
the  conjugate  60,  the  ordinate  B  D  10,  and  tlie  abscissa 
A  D  2  ;' required  the  length  of  the  arc  B  A  C  ?  (Fig.  p.  t3.) 

Here  2  (19  X  80^  +  21  X  60^^)  =  2  (121600  +  75600):= 
394400. 

And  2  (9  X  80^  +  21  X  60=)  =  2  (57600  +  75600)  = 
266400. 

Whence  15  X  80  X  60^  +  394400  =  4320000  + 
314400  =  4714400. 

And  15  X  80  X  60^  +  266400  =  4320000  +  206400  = 
4586400. 

47144000 
Then  4586400  :  4714400  :  :   10  :      .    ,  ,,     =    10279 

4586400 

■^  A  B. 
Hence  A  B  C  ==  10-279  X  2  =  20-558. 

2.  In  the  hyperbola  BAG,  the  transverse  diameter  is  80, 
the  conjugate  60,  the  ordinate  B  D  10,  and  the  abscissa  A  D 
2-1637;  required  the  length  of  the  arc  A  B  ? 

Ans.  10-3005. 


PROBLEM  XXIII. 

Given  tlie.  transverse  axis  of  a  hyperbola,  the  conjugate,  and  the 
alscissa,  to  find  t/ie  area. 

RULE. 

I.  To  the  product  of  the  transverse  and  abscissa,  add  ^  of 
the  square  of  the  abscissa,  and  multiply  the  square  root  of 
the  sum  by  21. 

II.  Add  4  times  the  square  root  of  the  product  of  the 
transverse  and  abscissa,  to  the  preceding  product,  aud  divido 
tlie  sum  by  75. 

III.  Divide  4  times  the  product  of  the  conjugate  and  ab- 


MENSnUTION.  79 

sciKsa  bjr  the  transverse  ;  thU  qaotient,  multiplied  by  the 
former  qaotieut,  will  give  the  area  of  the  hyperbola,  nearly.* 

1.  In  the  hyperbola  BAG,  (see  fij^ore,  page  73,)  the 
transverise  axis  is  30,  the  conjugate  l^,  aud  the  abscissa 
A  D  is  10  ;  what  is  tlie  area  ? 

Here  21  V  (30  X  10  +  ^  X  10»)  =  21  V  (300  + 
71  42bo7)  =  21  ^  (37142857)  =  21  X  19272  = 
404  712; 

And  *  ^/  (30  X  10)  +  404712  _  4  X  173205  +  404712 
75  ~  75 

69  282  -f  404712      473994 


75 


-=6-3199. 


Whence  ^^  ^  JJ^  "^  ^  X    53199   =    24    -f    63199  = 
151*6776,  the  area  required. 

2.  What  IB  the  area  of  an  hyperbola  whose  abscissa  is  25, 
the  traosTcrse  and  conjugate  being  50  and  30  ? 

Ans.  8050909. 

3.  The  tnmsverse  axis  is  100,  the  conjugate  60,  and  ab- 
50  ;  required  the  area  ?  Ans.  322  3633584. 


>  See  Appendix,  Demooitntiou  63. 
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SECTION    IV. 


DEFINATIONS. 


1.  A  solid  is  that  which  has  length,  breath,  and  thick- 
ness. 


2.  The  solid  content  of  any  body  is  the  number  of  cubic 
inches,  feet,  yards,  &c.,  it  contains. 


3.  A  cube  is  a  solid,  having  six  equal  sides 
at  rio-ht  anjj-les  to  one  another. 


/ 

7 

1 

W 

4.  A  prism  is  a  solid  whose 
ends  are  plane  figures  which 
are  parallel,  equal,  and  simi- 
lar. Its  sides  are  parallelo- 
grams. 

It  is  called  a  triangular  prism,  when  its  ends  are  triangles  ; 
a  square  prism,  when  its  ends  are  squares  ;  a  pentagonal 
{)risiu,  wlien  its  ends  are  pentagons  ;  and  so  on. 


5.  A  pnrallelopipedon  is  a 
Bolid  having  six  rectangular 
sides,  every  opposite  pair  of 
which  are  equal  and  parallel. 
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6.  A  cylinder  is  a  roand  solid, 
havirifr  circular  ends,  aud  may  be 
(•••ii-t'ivt'd  to  be  described  by  tlie  re- 
vohiiioii  of  a  rectangle  al»oat  one 
oi  i;-;  sides,  which  remains  tixed. 

T.  A  ptframid  is  a  solid,  having  a  plane 

fiirtrf  for  its  base;  and  whose  sides  are  Iri- 

ttiV  i  a  })oint,  called  the  vertex. 

.'   their  names  from  their 

ba 

\>  -.    is  a  triangle,  the  solid  is 

called  a  tnaugalar  j)yramid;  when  the  bu.se 
is  a  square,  it  is  t-alled  a  Mjuaru  pyramid; 
aod  so  on. 

8.  A  ame  is  a  round  pyramid,  having  a 
circle  for  its  base. 


9.  A  tphfre  is  a  round  solid,  which  may 
be  conceived  to  l>e  funned  by  tlie  revolution 
of  a  semicircle  about  its  diameter  which 
remains  llxed 


10.  The  axis  of  a  solid  is  a  line  joining  the  middle  of  both 
ends. 

11.  When  the  axis  is  perpendicular  to  the  base,  the  solid 
is  called  a  right  prism  or  pyramid,  otherwise  it  is  oblique. 

12.  The  heicrht  or  altitude  of  a  solid,  is  a  line  drawn  from 
its  ver'.  '  ilur  to  iu  base,  and  is  equal  to  the  axis 
of  a  ri  rumid;  but  in  an  oblique  one  the  alti- 
tii  ular  of  a  right-angled  triingle,  whose 
L_.                              .vis, 

l:i.    '  base  is  a  regular  ri<rure  it  is  called  a  regular 

prism  o.   ,>_. ..d;  but  when  the  lia^t•  i«  uu  irregular  hgure, 

the  ikolid  oa  it  is  called  irregular. 

14.  The  -  ■   of  any  solid,  is  u  pun  cut  off  from  the 

top  bj  a  pK  >:l  to  it«  Ija^e. 

i* 
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15.  A  frustum  is  the  part  remaining  at  the  bottom,  after 
the  segment  is  cut  off. 

16.  A  zone  of  a  sphere  is  a  part  intercepted  between  two 
planes,  which  are  parallel  to  each  other. 

IT.  A  circular  spindle  is  a  solid  gene- 
rated by  the  revolution  of  a  segment 
of  a  circle  about  its  chord,  which  re- 
mains fixed. 

18.  A  wedge  is  a  solid,  having  a  rec- 
tangular base,  and  two  of  its  opposite 
sides  meeting  in  an  edge. 


19.  A  prismoid  is  a  solid,  having  for 
its  two  ends  two  right-angled  parallel- 
ograms, parallel  to  each  other,  and  its 
upright  sides  are  four  trapezoids. 


20.  A  sepkeroid  is  a  solid,  gejierated 
by  the  rotation  of  a  semi-ellipsis  about 
one  of  its  axis,  which  remains  fixed. 

When  the  ellipsis  revolves  round  the 
transverse  axis,  the  figure  is  called  a 
prolate,  or  oblong  spheroid;  but  when 
the  ellipsis  revolves  round  the  short  axis,  the  figure  is  called 
an  oblate  spheroid. 

21.  An  elliptical  spindle  is  a  solid, 
generated  by  the  rotation  of  a  segment 
of  an  ellipsis  about  its  chord. 


22.  A  parabolic  conoid,  or  paraboloid,  is 
a  solid  generated  by  the  rotation  of  a 
semi-parabola  about  its  axis. 
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23.  An  ungnia  or  koof,  is  a  part  cat  off  a  solid  by  a  plane 
obliqae  to  the  baj>e. 


PROBLEM  I. 

To  find  the  solidity  of  a  cube. 

Rri.E.  Multiply  the  side  of  a  cube  by   itself,    and   that 
product  again  by  the  side,  for  the  solidity  required.* 

1.  If  the  side  of  a  cube  be  4  inches,  required  its  solidity? 


K 


B 


Here,  4  x  4  =  16,  the  nnmber  of  cubes  of  1  inch  deep 

is  the  i>«i  '"  r  G  D,  and  a.s  the   entire  solid  consists  of 

four  sut  ions,  its  content  is  16   X  4  =   64  cubic 
inches. 


3.  W 

side  bei: 


iity  of  a  cubical  piece  of  marble  each 
.es  ?  Ans.  114  feet,  nearly. 


3.  A  cellar  is  to  be  dag,  whose  len^rth,  breadth,  and  depth, 
arc  each  12  feet  3  inches;  r.  '  i  feet 

in  it  ?  .:  ..ly. 


>  iM  AHMiMliz,  UMMMtmlMa  M. 
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PROBLEM  II. 

To  find  the  solidily  of  a  pa7'aUdopipedo7i. 

Rule.  Multiply  continually  the  length,  breadth,  and  depth 
together  for  the  solidity.* 


1.  What  is  the  solidity  of  a  parallelopipedon  A  B  C  D 
E  F  G,  the  length  of  A  B  being  10  feet,  the  breadth  A  G  4 
feet,  and  thickness  ADS  feet  ? 

ABxAGxAD  =  10x4x5=:200  feet. 

2.  A  piece  of  timber  is  26  feet  long,  10  inches  broad,  and 
8  laches  deep;  required  its  solid  content  ?    Ans.  14|  feet. 

3.  A  piece  of  timber  is  1 0  inches  square  at  the  ends,  and 
40  feet  long;  required  its  content  ?  Ans.  21 1-  feet. 

4.  A  piece  of  timber  15  inches  square  at  each  end,  and 
18  feet  long,  is  to  be  measured;  required  its  content,  and 
how  far  from  the  end  must  it  be  cut  across,  so  that  the  piece 
cut  off  may  contain  1  solid  foot  ? 

Ans.  The  solidity  is  28125  feet;  and  1-G8  in  length  will 
make  one  foot. 

5.  What  length  of  a  piece  of  square  timber  will  make  one 
solid  foot,  being  2  feet  9  inches  deep,  and  1  foot  7  inches 
broad  ? 

Ans.  2'756  inches  in  length  will  make  one  solid  foot. 

*  See  Apiiendix,  Deinonstratjon  64. 
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PROBLEM  III. 
To  find  the  solidity  of  a  prism. 

il Multiply  the  area  of  the  base  by  the  perpendicular 

he!;:ht.  ami  the  product  will  be  the  solidity.* 

1     \\  I,  ,r  I-  .1,..  ...ii.iitv  .,r  M  i.rism  A  B  C  F  I  E,  whose 


ba*e  C  A  is  a  peutagon,  each  side  of  which  being  3  75,  and 
beiKht  15  feet  '( 

Wljen  the  side  of  a  jx^ntagou  in  1,  its  area  is  1*720477 
(Table  II  ■:  tlim'fore  17-20477  X  3  75«  =  24.1942  = 
the  area  e  feet ;  hence  24' 1942  X  15  = 

3«j2'jr^  lit. 

•_'  I  -'juare  prism,  whose  length  is 

5 J  ;•  i>a  c  1|  foot. 

Aiis.  yj  solid  feet. 
3.  Wha.  i:.  I. it  Koiidity  of  a  prLsni,  whosie  base  is  an  equi- 
lateral triaagle,  each  kide  being  4  feet,  aud  height  10  feet '{ 

Aiis.  ♦;y  2S2  feet. 
4    Wb^t  ryiiautity  of  water  will  a  prismatic  ?e6.sel  contain, 
'  a  square,  each  side  of  which  is  3  tVet,  and 

j4ni.  03  feet. 


*  Ice  Afpwixliy,  OenMtattrktton  M. 
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PROBLEM  IV. 

To  find  the  solidity  of  a  cylinder. 

Rule.  Multiply  the  area  of  the  base  by  its  height,  and  the 
product  will  be  the  solid  content.* 


1.  What  is  the  capacity  of  a  right  cylinder  A  B  G  C, 

whose  height,  and  the  circumference   of  its  base,  are  each 

20  feet  ? 

20 
First     ,.„=  the  diameter,  half  of  which  multiplied  by 

half  the  circumference  will  give  the  area  of  the  base  (Prob. 

10  2*1 

XVIII.  Sec.  II.),  that  is,  10   X    ^UU  ^  ^Ub4.  ^    *^^ 

25 
area  of  the  end;  then——  X  20  =  63661828,  the  content. 

'  -7854 

2.  What  is  the  content  of  the  oblique  cylinder  A  B  P  E, 

the  circumference  of  whose  base  is  20  feet,  and  altitude  A  C 

20  feet  ? 

25  25 

As    before,  the    area    of    the   base    is—-—  ;  then— — - 
'  -7854'  -7854 

X  20  =  636-61828,  the  solid  content,  as  before. 

3.  The  length  of  a  cylindrical  piece  of  timber  is  18  feet, 
and  its  circumference  96  inches;  how  many  solid  feet  in  it  ? 

Ans.  91-676  feet. 

4.  Three  cubic  feet  are  to  be  cut  oflF  a  rolling-stone  44 
inches  in  circumference;  what  distance  from  the  end  must 
the  section  be  made  ?  Ans.  33' 64  inches. 

*  See  Ap]>endiX;  Demonstration  64 
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PROBLEM  V. 

To  find  the  amUni  of  a   solui   formed  by  a  plane  passing 
parallel  to  the  axis  of  a.  cylinder. 

RuLK.  Find  by  Prob.  XXVIII.,  Sec.  II.,  the  area  of  the 
base,  which,  ittaltij>lied  by  the  height,  will  give  the  solidity.* 

1.  In  the  cylinder  A  B  G  C,  whose  diameter  is  3,  and 
height  20  feet;  let  a  plaue  L  N  pass  parallel  to  the  axis, 
aud  1  foot  from  it;  what  in  the  solidity  of  each  of  the  two 
prisms  into  which  the  cyliuder  is  divided  ? — (See  the  last 
figure.) 

^~  =  (I  —  1)  h  3  =  I  =  T  =    IGGi  the  tabular  versed 
O  C         2  3       0 

sine,  to  which,  in  the  Table  of  Circular  Segments,  corres- 
ponds the  area     08604117 

which  Ukeu  from -78539816 

leaves  the  other  segment       ....  69935699 

Theu3*  =  9  which  X  08604117  =  7  7437053  =  seg 
D  C  N. 

Also  9  X  -69935699  =  6-29421291  =  seg.  DON. 

Hence  20  X  7-7437053  =  154874  =  the  slice  L  K  A  C 
N  1);  and  20  X  62942 1699  =  12588434  =  the  slice 
L  K  B  G  N  D. 

2.  Sup|X>se  the  right  cyiiiiiHT,  wiiox-  i«iit.'tii  is  20  feet,  and 
diameter  50  feet,  in  cut  by  a  plane  parallel  to,  aud  at  the 
distance  of,  21  75  feet  from  it«  axis;  required  the  solidity 
of  tbe  smaller  slice  ?  A/is.  1082-95  feet. 

PROBLEM  VI. 

To  jimd  the  solidity  of  a  pyramid. 

Rl'ls.  Jf ikiplj  1^  «rea  of  the  base  by  tb«  one-third  of 
the  height,  end  the  product  will  be  the  solidity. f 


>  8m  An>MiMv.  DMBOBftratioa  M. 
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1.  What  is  the  solidity  of  a  square  pyramid,  each  side  of 
its  base  being  4  feet,  and  heij^ht  12  feet  ? 

4  X  4  =  IG  the  area  of  tlie  l^ase  : 
Then  16  X   \f  =  04  feet,  tlie  solidity. 

2.  Each  side  of  the  base  of  a  triangular  pyramid  is  3,  and 
height  oO;  required  its  solidity i?  Jins.  38-971  IT. 

3.  The  spire  of  a  church  is  an  octagonal  pyramid,  each  side 
at  the  base  being  5  feet  10  inches,  and  its  perpendicular 
height  45  feet;  also  each  side  of  the  cavity,  or  hollow  part, 
at  the  base  is  4  feet  11  inches,  amd  hs  peipendicular  heiglit 
41  feet;  it  is  required  to  know  how  many  solid  yards  of  stone 
the  spire  contains. 

Ans.  32-19738  yards. 

4.  The  height  of  a  hexagonal  pyramid  is  45  feet,  each  side 
of  the  hexagon  of  the  base  being  10  ;  required  its  solidity? 

Ans.  3897-1143. 

PROBLEM  VII. 

7^0  find  the  solidify  of  a  cone.. 

Rur.T^.  Multiply  the  area  of  the  base  l)y  one-third  of  the 
height,  and  the  product  will  be  the  solidity?''' 

1.  The  diameter  of  the  base  of  a  cone  is  10  feet,  and  its 
perpendicular  height  42  feet;  what  is  its  soliditv? 

10^  =  100  X  ■1<S54  =  78-54;  then  78-o4  X  V  ^ 
1099-50  feet, 

2.  The  diameter  of  the  base  of  a  cone  is  12  feet,  and  its 
perpendicular  height  100;  required  its  soliditv? 

Ans.  3769-92  feet. 

3.  The  spire  of  a  church,  of  a  conical  form,  measures 
37'6992  feet  round  its  base;  what  is  its  solidity,  its  perpen- 
dicular height  being  100  feet  ?  A71S.  3709-92  feet. 

4.  How  many  cubic  yards  in  an  upright  cone,  the  circum- 
ference of  the  base  being  70  feet,  and  the  slant  height  80  ? 

Am.  134-09. 

»  See  Appendix.  Demonstration  66. 
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5.  How  many  cubic  feet  in  au  oblique  cone,  the  greiitest 
slant  height  being  20  feet,  the  least  16,  and  the  diameter  of 
the  base  8  feet  ?  Aiu.  25-t  056588  feet. 

PROBLEM  VIII. 

To  find  ike  tolidily  of  the  frustum  of  a  pyramid. 

■R'  :  V    Add  the  areas  of  two  ends  and  the  mean  propor- 
veen  UiMlktoji^eUier;  then  multiply  the  f<um  by  one- 

.  ..ii  ...   lije  perpendicular  height,  and  the  product  will  give 
liie  kolidity.* 


1.  In  a  square  pyramid,  let  A  O  =  7,  P  D  =  5,  and  the 
height  O  Q  =  6;  the  solidity  of  the  frnstum  is  required. 
7  X  7  =  49  =  the  area  of  the  ba«e. 
5  X  5  =  25  =  the  area  of  the  section  S  D. 

1  X  5  =  35  =  the  mean  proportional  betweta  49  and  25. 

49  4-  35  -f-  25 

Therefore,    — — — x   6  =  218  =  the  content  of 

o 

the  finutam. 

2  What  is  the  content  of  a  pentagonal  frustum,  whose 
hr'.j  :,  each  side  of  the  baiie  1  foot  6  inches,  and 
ciicL  ^.^^  v.>  ',h*s  less  end  6  inches. 

Ans.  9-31925  cabic  feet. 

3.  What  is  the  content  of  a  hexagonal  frustum,  whoso 
h*-i;.'lit  is  6  feet,  and  the  side  of  the  greater  end  18  inches,  and 
o!  t»i    !..,s  12  inches?  Ans.  24681724. 

}  1  low  wtMOj  osbie  foet  in  a  tqaared  pieoa  of  timber,  the 
areas  of  tb«  two  ewU  being  504  and  372  inches,  and  its 
length  31|  feet  ?  A, is.  \ibUl  feet. 


'  iM  IffMdli,  DtMooctntioo  07. 
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5.  What  is  the  solidity  of  a  squared  piece  of  timber,  its 
length  being  18  feet,  each  side  of  the  greater  base  18  inches, 
and  each  side  of  the  small  end  12  inches  ? 

Ans.  28-5. 

PROBLEM  IX. 

To  find  the  solidity  of  tht  frustum  of  a  cone. 

Rule.  Add  the  two  ends,  and  the  mean  proportional 
between  them  together,  then  multiply  one-third  of  the  sum 
by  the  perpendicular  height,  and  the  product  will  be  the 
content.* 

1.  How  many  solid  feet  in  a  tapering  round  piece  of  tim- 
ber, whose  length  is  2(1  feet,  and  the  diameter  of  the  ends 
22  and  18  inches  respectively  ? 

Here  22*  X  •*I854  =  380134  inches,,  the  area  of  the 
greater  end,  and 

18*  X  '1854  =  254-4'7  inches  =  the  area  of  the  less  end, 

(380-184  X  254-47)1  =  311-018  =  the  mean  proportional 

between  the  areas  of  the  ends;  then  by  the  rule 

254-41  +  380-134  +  311-018       ^^        ^^         ^^^^^       ,. 

■ ■ X  26  X  12  =   98345  cubic 

o 

inches  =  66-9  cubic  feet,  the  answer. 

2.  How  maotj  cubic  feet  in  a  round  piece  of  timber,  the 
diameter  of  the  greater  end  being  18  inches,  and  that  of  the 
less  9  inches,  and  length  14*25  feet  ? 

Ans.  14-68943  feet. 

3.  What  is  the  solid  content  of  the  frustum  of  a  cone, 
whose  height  is  1  foot  8  inciies,  and  the  diameters  of  the 
ends  2  feet  4  inches,  and  1  foot  8  inches  ? 

Am.  5-284. 


See  A]i])ondix,  Domoustrntion  68. 
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PROBLEM  X. 

To  find  tht  solidity  of  a  wtdgt. 

Rui.K  I.  Add  the  tliree  parallel  edges  together,  and  mul- 
tiply one-third  of  the  snm  by  the  area  or  that  section  of  the 
we<^  vliWi  is  pwpaudicalAT  to  these  three  edges,  and  the 
product  irill  ^re  the  couteiit.* 


C.  the  wed^e  \»  of  Uie  commun  kindj  C  (i  U  iU 


Rrj  F  II    To  twice  the  length  of  the  base,  add  the  length 


of 

•Ithof  the  base,  and 

th. 

',  and  one-sixth  of 

the  laei 

■lil      liC      ll: 

X  is,  (2  L  -f  /)  X 

\hk,\ 

L        \\ 

1   off  the  base  /  = 

G  C,  iL 

—  A  ii,  the  breadth  of  the 

ba»e,  k 

-  I —  1 — - 

.  jjUt  of  the  wedge. 1 

1.  Let  A  O  =  4,  0  C  =  3,  R  B  2 J,  the  perpendicular 

D  T  =  of  li  R  from 

the   plu!  >  I                               nured  the  solid 
conteut  '. 

^-—-"tii  X  12  X  ^*  =  6G|  cubic  feet. 


t  lie*  .%H*«<iyj  OewMtftratiMM. 
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2.  The  perpendicular  height  from  tlie  point  T  to  the  mid- 
dle of  the  back  A  B  is  24-8,  the  length  of  the  edge  C  G  110 
inches,  the  base  R  B  70  in(;lies,  and  its  breadth  A  R  30 
inches;  required  the  solidity  if 

Ans.  31000  cubic  inches. 

3.  How  many  cubic  inches  in  a  wedge  whose  altitude  is  14 
inches,  its  edge  21  inches,  the  length  of  its  base  32  inches, 
and  its  breadth  4^  inches  ? 

Ans.  892-5  cubic  inches. 

PROBLEM  XI. 

To  find  th£    solidity    of   a   prisnioid,  which   is  the  frustum 
of  a  loedge. 

Rule.  By  either  of  the  foregoing  rules,  find  the  solidity 
of  two  wedges  whose  bases  are  tlie.two  ends  of  the  frustum, 
and  heiglit  the  distance  between  them,  and  tlie  sum  of  both 
will  be  tlie  solidity  of  the  prismoid  or  frustum.* 

1.  lu  tiie  prismoid  A  B  P  Q,  there  is  given  R  B  ==  18, 
A  O  =  27,  P  D  =  21,  S  Q  =  24,  B  0  =  12,  D  Q  =  4, 
and  B  I  =  30;  what  is  its  solidity  ? 


18  +  27  +  21       30  X   12      „ 

X ;; =  3960  =  the  content  of  tho 


3 


2 


,  ,24  +  27  +  21     30  X  4         ,,,,,, 

greater  wedge,  and x  — r —   =    1440,  the 

o  2 

content  of  the  other;  then  3960  +  1440  =  5400,  the  con- 
tent of  the  frustum. 


*  Sec  Appendix,  Demonstration  71. 
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2.  What  is  the  solidity  of  »  pteoe  of  wood  in  the  form  of 
a  priBiuoid,  whose  emU  are  rectangles,  the  ienj^th  and  breadth 

■  ■''  '  » -i.. '  1  foot  2  inches  and  1  foot  respectively,  undtho 

.'  sides  of  the  other  it  and  4  inches  respectively; 
I  i.  i)cn.iuuieaUr  height  b«ing  'iO^  feet? 

Atts.  18  074  cubic  feet. 

N«Tc.  T%«Mlowtog  rale  will  aatwer  tor  utj  pritmoid,  of  whatever  ligur* 

:  r    ff  tb«  hMet  b«  diMiBiiUr  r^rmnt^lcw  lak«  two  eorrcf  |>niidinK  dimciikioni , 

'i  bj  the  tUBi '  :  '        - -inn  of  the  »»me  eiul,  and 

!>•  oUMf  eii  !>t  iliiiieiiiiion;  tlic-n  iiinl* 

be  I'tudttcu  .  ^ixtb  of  Ui«  latl  (nuduct 


PROBLEM  XII. 

Tu  feml  Ikt  tolidit^  of  a  cyHndroul ;  ur  titt  frustum  of  an 
eUipUcul  a/ne. 

BILE. 

I.  To  tl»e  longer  diameter  of  t  ;•  eiitl,  add  linlf  the 
lon{^r  diiuueler  of  the  less  end,  ;:  ply  the  sum  by  the 
shorter  diameter  of  tiie  greater  eud. 

II.  To  the  louirer  diameter  of  the  lesH  end,  add  half  the 

loi\_       '        .:  '  iter  end,  and  multiply  the  bum  by 

the  less  eud. 

MI     Add  t!if- two  |)r«-.etl  '  J    iii.rliu'ts  tog<5ther,  and  uiul- 

I ;  and  tbvii  by  the 

i     L«'l   A    1>   *'    1*   I  jiroid,  ine   na.>-i'  m   which   m 

an  eHi|>s»,  whose  two  are  40  aud  20  iuclic.-;,  thu 


(  tfee  .\|*|<etKlis.,  UvMVUttmUott  79. 
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top  a  circle,  whose  diameter  is  30  inches;  what  is  its  solidity, 
allowins:  the  height  to  be  10  feet  ? 


(A  B  +  1  C  D)  X  G  H  = 

=  (40  +   15)    X   20  = 

1100 

(CD  +  iAB)XmP  = 

=  (30  +   20)    X   30  = 

1500 

sum  =  2600 
Then  (2600  X  '2618  X    10)  6806-8,  which,  divided  by 
144,  gives  47-2'I  feet,  the  answer. 

2.  The  transverse  diameter  of  the  greater  base  of  a  cylin- 
droid  is  13,  and  conjugate  8;  the  transverse  diameter  of  the 
less  base  10,  and  conjugate  5-2;  what  is  the  .solidity  of  the 
cylindroid,  its  height  being  12  ?  Ans.  721-93968. 

3.  The  transverse  diameter  at  the  top  of  the  cylindroid 
is  12  inches,  and  conjugate  7;  the  longer  diameter  at  the 
bottom  is  14  inches,  and  shorter  12,  and  its  height  10  feet; 
required  its  solidity  ?  Ans.  6*78  feet. 

PROBLEM  XIII. 
To  find  the  solidity  of  a  sphere. 

Rule  I.  Multiply  the  cube  of  the  diameter  by  '5236,  and 
the  product  will  be  the  content. 

Rule  II.  Multiply  the  diameter  by  the  circumference  of 
the  sphere,  and  the  product  multiplied  by  one-sixth  part  of 
the  diameter  will  be  the  solidity.* 

*  See  Appendix,  Demoustratiou  74. 
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0 


1.  HipfWf  the  earth  to  be  a  per- 
j'ect  sphere,  tnd  its  diameter  79oTf 
miles,  bow   mauj   solid    miles    does   it 

coDtaiu  A^^^^^^^l  B 

19571     X     314 16  =  the    circam- 
ference  of  the  earth  (Prob.  XVI.,  Sec. 

:  3  1416  X  19571  =  198943750  =  the  surface  of 

'  ;  then 

•  X  7951|  X  i  =  263857437760  miles  the  solid- 

i:.      .    i.ile  II. 

Again,  5236  X  ^  =  5236  X  (7951|)»  =  263858149120 
miles,  the  '  '  !.y  Rale  I.,  which  gives  the  result  too  great 
on  accoaii'  :,  5236  a  little  too  great. 

2.  What  ts  the  solidity  of  a  sphere,  whose  diameter  is  24 
bches  ?  Ans.  72382464  cubic  iuches. 

3.  What  is  the  solid  content  of  the  earth,  allowing  its 
circumfertace  to  be  25000  miles  ? 

Ans.  263858149120  miles. 

4.  Required  the  solidity  of  a  globe  whose  diamet<?r  is  30 
feet?  Ans.  14137  2. 

i'UuisLEM  XIV. 

To  find  tkt  soIidUy  of  tkt  segment  of  a  sfhtrt. 

'  f'ter  of  the  sphere  de- 

1  ;  multiply  the  remain- 

<i  !it,  aud  that  product  by  '5236; 

llir   lilK    pfXiU'  •.  'llty.* 

Rn.B  II.  To  three  tim*^  the  square  of  the  radius  of  the 

.segment's  base  add   tbi-  lit;  multiply  this 

sum  by  the  height,  and  I..  .'>;  the  laiJt  result 
will  be  tiie  aoliditj. 

•  IM  A|f  n<i«.  OasoactntiiNi  7». 
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1.  What  is  the  solidity  of  each  of 
tlie  frijjid  zones,  the  diameter  of  the 
eartli  being  7957^  miles  and  half 
the  breadtii,  or  arc  of  tlie  rani'idian 
intercepted  between  the  polar  circle 
and  the  pole  23 )r  degrees;  that  is, 
A  D  =:  2o^  degrees,  supposing  A  B 
to  represent  the  polar  circle. 


By  Euh  I. 

As  1  (=  tabular  radius):  3978 J-  (=  radius  of  the  earth) 
::  0829399  (=  tabular  versed  sine  of  231  degrees)  : 
380'007494r),  the  versed  sine,  or  height  of  the  segment. 

Then  -5236  A^  =  (3  d—^  Ji)  =  -5236  X  3300074946'' 
X  23213-2350108  —  1323679710,  the  solid  conteut. 

.    By  Rule  II. 

As  1  :  3978|  ::  -3987491  (=  the  tabular  sine  of  23^ 
deu-rees)  :  1.58(V57282.V26,  the  radius  of  the  base. 

Tlien  -5236  k  X  (3  r=  +  A'O  =  -5230  X  330-0074946 
X  7660544-936=  132368029909,  the  solidity. 

2.  Let  A  B  D  0  be  the  segment  of  the  sphere,  whoso 
solidity  is  required.  The  diameter  A  B  of  the  base  is  16 
inches,  and  the  height  O  D  4  inches. 

A71S.  4356352  cubic  inches. 

3.  Required  the  solidity  of  the  segment  of  a  sphere,  whose 
diameter  is  20  feet,  and  the  height  of  the  segment  5  feet  if 

Am.  654 '5  feet. 

PROBLEM  XV.. 

7'f9  find  l/iji  solidUy  of  the  frustam  or  zoiie  of  a  sjtherc. 


I.  To  the  sura  of  the  squares  of  the  radii  of  the  two 
ends,  add  i  of  the  square  of  their  distance,  or  of  the  height 
of  the  zoni;;  tliis  sum  multiplied  by  the  height  of  the 
tone,  aud  the  product  agaiu  by  1-5708,  will  be  the  solidity, 
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ir.  For  the  middle  fnne  of  a  sphere.  To  the  wjoare  of 

t'  '  of  the 

i.    -  y  -7854, 
tht:  inni  re&uk  will  Lw  iha  M>liU(i>. 

Or,   Fi'  of  the  diameter  of  the  sphere,  de- 

duct one-t;  art-  of  the  heii^ht  of  the  middle  zone; 

multiply  the  rcma;udcr  by  the  height,  aud  then  by    TSol, 
the  hist  result  will  be  the  t-olidity.* 

1.  Required  the  solidity  of  the 

fr"  ' ''       ,.  t    -,>   the  diameter 

«  1  is  4  feet,  the 

<  eud  9  feet,  aiid 

C-^  r  i  J  -r  I  X  2o»)  xr5708     .  \„,.---] — ->^/.. 

X  2  5  =  ^  X  3  y2"  =  32  T25,the     ^  *-—.«.* -/   ° 

solidity  of  the  frustum.  ^"- — ^.—'^ 

2.  What  is  the  soUdity  of  the  teriiiH*rate  /one  its  l)nndth 
being  43  degress,  the  radius  of  tht  _»;, 
tiu>]    tilt-    radius  of    the   base   3t;i     :  ... -.,  ..;,.;  ;....ght 

-•"538*  +  15§6-57282526»  +  i  X  2062'9655») 
X  2U  1  5708  =  1724913«>  X  2062  2955  X  1-5708 

=  5i>i5 .  I  ,  -    *':e  solidity  of  each  tem|)erate  zone. 

?>    Rtiii -ulidity  of  the  tinricl  ■/nu,'^  which  extends 

-  >  ou  each  side  of  the  e<  -  diameter  being 

.....t*,  aud  the  height  317o  .-. ,^..2  if 

07  76»—  ;  X  3173  145f»50;V2«)  X  3173  14565052  X 
.      i  =  149455081137,  the  answer. 

4.  Wlut  is  the  solidity  of  the  middle  zone  of  a  sphere, 
whose  top  and  bottom  diameters  are  each  3  inches,  aud 
}!-iijht  4  inches  ?  Ant.  61  7848. 

5  What  «  the  solid  coataat  of  a  mue,  whose  greater 
diameter  is  30  feet,  less  diameter  15  feet,  and  the  height 
10  feet?  Ans.  189  58. 


*  fM  A|»|>«iiduL.  UemoMtnliea  76. 
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6.  How  many  solid  feet  in  a  zone,  whose  greater  diameter 
is  12  feet,  aud  less  diameter  10 j  the  height  being-  2  ? 

Ans.  195-8264. 

PROBLEM  XVI. 

To  find  the  solidity  of  a  circidar  spindle. 

Rule.  Find  the  distance  of  the  chord  of  the  generatinfi 
circular  segment  from  the  centre  of  the  circle,  and  also  the 
area  of  the  segment. 

Then,  from  one-third  of  the  cnbe  of  half  the  length  of  the 
spindle  or  half  chord  of  the  segment,  subtract  the  product 
of  the  central  distance,  and  half  the  area  of  the  segment; 
the  remainder  multiplied  by  12*5664,  will  give  the  solidity.* 

1.  Let  the  a.xis  A  C  of 
a  circular  spindle  be  40 
inches,  and  its  greater  di- 
ameter B  L  30  inches;  what 
is  its  solidity  ?  / 

202  -f-   15  =  26|,  then  ^k 

26|  -f  15  =  4 If,  thedia-      / 

meter  of  the  circle.  Again,       I 

4H— 30  \ 

—~ —■=  5f,  the  central       \ 

distance. 

Now  15-h41§  =-36,  the 
area  segment  corresponding 
to  which  is  -251550,  which 
multiplied  by  the  square  of  4 1|,  produces  441-92708  the 
area  of  the  generating  segment  ABC,  the  half  of  which  is 
220-96354. 

La.stly,  (203 -^  3)— (r.|  x  220-96354)  =  13n-7l268,  and 
this  multiplied  by  125664  produces  11312-88862  cubic  inches, 
the  solidity  required. 


*Sce  .\iijioii(li.\,  Duiiioiistiatioii  77. 
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2.  The  axis  of  a  circolar  Rpindle  is  48,  and  the  middle 
diameter  20;  required  the  solidity  of  the  spindle  ? 

Am.  :iy916-6714. 

PROBLEM  XVII. 

To  jmi  tMe  solidity  of  the   muldle  frustum  of  a   circular 
sj)indU. 

RLLE. 

I.  Find  the  distance  of  the  centre  of  the  middle  frostum 
from  the  centre  of  tl^e  circle. 

T^    "  segvent  of  a  circle,  the  chord  of 

vi.  ..li  of  the  frustutu,  and  height  half 

tli>.  1  iu  (greatest  and  least  diameters;  to 

wi.  i^le  of  the  leuj^th  of  the  frostam  and 

halt   iu  least  diameter;  the  result  will  be  the  generating 
Burface. 

III.  From  the  square  of  the  radius  subtract  the  square  of 
the  central  distance,  the  Miuare  root  of  the  remainder  will 
p-ive  half  the  length  of  the  spindle. 

IV.  From  the  square  of  half  the  length  of  the  spindle 
take  one-third  of  the  stjuare  of  half  the  length  of  the  middle 
frustum,  and  multiply  the  remainder  by  the  said  half  length. 

V.  >'  lice  by  the  generating  surface, 
andsut'  ,  'tie  preceding;  the  remainder, 
multiply  by  ti-2»32,  will  give  the  solidity.* 

1    r  V  of  the  middle  frustum  of  a  circular 

spindl<  ntr  40.  the  greater  diameter  Q  F 

:..  PS  24? 

-  .   . ,  aud  100  4-  4  =  104,  the  diameter 

of    ! 

A>r»ui,  ..a  —  16  =  36,  the  central  distauce.  Also,  |  (82 
—  24)  =  4,  and  4  -=-  104  =    03«j*^,  the  area  segment  cor- 

*  ■••  ApiWMlix,  UMMMttmtioa  78. 
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responding  to  which  is  -009940,  which,  multiplied  by  tlie 
square  of  104,  produces  107'51104,  the  area  of  P  L  Q;  and 
40  X  13  =  480  the  area  of  the  rectangle  P  D  E  L. 

Hence  lOT-51104  +  480  =  587-51104,  the  area  of  the 
generating  surface  P  D  L  E. 

Next  J  (52-^  —  36'0  =  J  ( 1408)  =  8  ^  (22)  =  B  0 
half  the  length  of  the  spindle; 

And  (1408  —  ^^  X  20  =  25493^. 
8 

Then  36  +  587-51104  =  21150-39744,  and 

(25493i  —  21150-39744)  X  6-2832  =  27287'5347,  the 

required  solidity. 

2.  What  is  the.  solidity  of  the  middle  frustum  P  S  R  L  of 

a  circular  spindle,  whose  middle  diameter  P  Q  is  36,  the 

diameter  P  S  of  the  end  16,  and  its  length  D  E  40  ? 

Ans,  29257-2904. 


PROBLEM  XVIII. 

To  find  the  solidity  of  a  spheroid. 

Rule.  Multiply  the  square  of  the  revolving  axis  by  the 
fixed  axis,  and  this  product  again  by  -5236  for  the  solidity.* 

1.  What  is  the  solidity  of  a  prolate 
spheroid  whose  longer  axis  A  B  is  55     E/ 
inches,  and  shorter  axis  C  D  33  ?  4( 

Here  33-'  X  55  X  "5236  =  31361-022 
cubic  inches,  the  answer.  j,^ 

2.  What  is  the  solidity  of  an  oblate  spheroid,  whose  longer 
axis  is  100  feet,  and  shorter  axis  6? 

Ans.  31416  cubic  feet. 

3.  What  is  the  solidity  of  a  prolate  spheroid,  whose  axes 
are  40  and  50  ?  Ans.  41888. 

4.  What  is  the  solidity  of  an  oblate  spheroid,  whose  axes 
are  20  apd  10  ?  Ans.  2094-4. 

♦  Seo  Appcnclix,  Demonutration  70. 
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PROBLEM  XIX. 

To  find  tkt  soiulUp  of  Ute  segment  of  a  spheroid,  Ike  base 
of  tJu  segmtiU  bting  paralicJ  to  t/u  recolciiig  axis  of  the 
spheroid. 

CASE   I. 

UiLE.  From  Uiree  times  the  fixed  axis,  deduct  twice  the 
'heiu'  f  "f  'h.*  s^iueut,  multiply  the  remainder  by  the  squure 
of  •  ',  and  that  product  by  -523(5. 

i ... ..  .<., ,  08  the  square  of  the  'fixed  axis  is  to  the  square 

of  the  revolving  axis,  so  is  the  product  found  above  to  the 
solidity  of  the  spheroidal  scj^iuent.* 

!.  Wh«t   is   the  content  of    the  segment  of  a  prolate 
spl.  '  :r  5,  the  fixed  axis  50,  and 

the  t  figure. 

50  X  6—ii  X  :i  =  loU— lU  --  140;  then 
140  X  5«  =  3500,  and  3500  X    5230  =  1832-6;  then 
25  :  y  r.  1832-6  :  65y-736,  the  answer. 

CASE  II. 

"mitn  the  base  is  tUiptical,  or  perp'mdinifar  to  the  retain iig 


Rri  E.  From  tlirt-e  times  liie  i('v«jiviii<(  iixis,  take  double 
tht'  height;  umltiply  that  difference  by  the  square  of  the 
)■    -  I-    ami  the  ji  -aiu  by  -5230. 

i :..  II  m  the  1  axis  to  the  fixed  axis,  so  is  the 

liiat  product  to  the  cuuleut.'j' 

2.  What  is  the  content  of  the  segment  ^ 

of  a  spheroid,   whose  fixed  axis  is  50,  re- 
Tolring  axis  30,  and  height  6  ?  f^^^K^B^m^-p 

80  X  3  —  2  X  6  =  90  —  12    =18; 
Then  78  X  6*  =^  2808;  and  2808  X    5236 
=  14702688: 
Then  30  :  50  ::  1470  2688  :  2450-448, 
the  answer. 


*  t»m  ApfiMtdix,  D«aoBft  ration  M. 
( 8a«  Af^Mkdvi,  UeauMwtrattoa  01. 
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3.  In  !i,  prolate  spheroid,  tlie  transverse  or  fixed  axis  is 
100,  the  conjug;ate  or  revolving  axis  is  60,  and  the  height  of 
the  segment,  whose  base  is  parallel  to  the  revolving  axis  is 
10;  required  the  solidity  ? 

Ans.  52^1-888. 

4.  If  the  axis  of  a  prolate  spheroid  be  10  and  6,  required 
the  content  pf  the  segment,  whose  height  is  1,  its  base  being 
parallel  to  the  revolving  axis  ?  Aiis.  5 •211888. 


PROBLEM  XX. 

To  find  the  solidity  of  the  middle  zone  of  a  spheroid,  the  di- 
ameter of  the  ends  being  perpendiadar  to  the  fixed  axis,  the 
middle  diameter,  and  that  of  either  end  being  given,  together 
with  the  length  of  the  zone. 

RuLK.  To  twice  the  square  of  the  middle  diameter,  add 
the  square  of  the  diameter  of  the  end;  multiply  the  sum  by 
the  length  of  the  zone,  and  the  product  again  by  "2618  for 
the  solidity.* 

1.  What  is  the  solidity  of  the 
middle  zone  of  an  oblate  spheroid, 
the  middle  diameter  being  100,  the 
diameter  of  the  end  80,  and  the 
length  36  ? 

100^  X  2  +  80=  =  26400;  then 
26400  X  36  =  950400,  and  1)50400 
X  -2618  =  248814-12  the  answer. 

2.  What   is  the   solidity  of    the 
middle  frustum  of  a  spheroid,  the  greater  diameter  being  30, 
the  diameter  of  the  end  18,  and  the  length  40  ? 

Ans.  22242-528. 


*  Seo  Appendix,  Demonstration  8Q. 
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PROBLEM  XXI. 

To  Jimi  Ike  solidity  of  a  parabolic  conoid. 

uare  of  the  diameter  of  its  base  . 
i»y  the  height;  the  last  product  wj 
be  the  Buiidity.* 

1.  ^'  of  the  parabolic 
coiioii  . 0  feet,  and  the 
diauicicr  oi  iu  bade  10  feet  ? 

10«  X  3927  =  39  27;  then  39  27  X 
10  =  3i»2  7,  the  solidity  required. 

2.  What  is  the  solidity  of  a  parabolic 
conuid,  whose  height  is  30,  and  the  diar 
meif  r  of  its  base  40  ?  A 

Ans.  18849-6. 

3.  What  is  the  content  of  the  parabolic  conoid,  whose 
altitude  is  40,  and  the  diameter  of  its  base  12  ? 

Ans.  2261952. 

4.  Required  the  solidity  of  a  parabolic   conoid,  whose 
height  is  30,  and  the  diameter  of  its  base  8  ? 

Ans.  763-984. 


^^o?.T.T•^f  xxir. 

Tu  fend  tJu  soliduy  oj  i'i<'  jrusium  of  a  parahoiie  eomid. 

Rule.  >'  t-t's  of  the  diameters 

of  the  tw.  .ill  product  by   3927; 

the  last  prouuct  wili  be  the  soliduy.-f  / 


*  6<  an. 
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1.  Tho  icreater  diameter  of  the 
friistuni  is  10,  and  the  less  diameter 
5;  what  is  the  solidity,  the  length 
being  12  ?  '  Q 

10^  =  100 

52  =    25 


125.     Then  135  X  12  =  1500,  and 
1500  X  -3927  =  589-05,  the  solidity. 

2.  The  greater  diameter  of  the  frustum  of  a  parabolic 
conoid  is  20,  the  less  10,  and  the  height  12;  what  is  the 
solidity?  Ans.  235 1 -4. 

?>.  Tlie  greater  diameter  of  the  frnstnm  of  a  parabolic 
conoid  is  30,  the  less  10,  and  the  heiglit  50;  required  the 
solidity  ?  Ans.  19635. 

4.  The  greater  diameter  of  tlie  frustum  of  a  parabolic 
conoid  is  15,  the  less  12,  and  the  height  8;  required  the 
solidity  ?  Ans.  1159-8408. 


PROBLEM  XXIII. 

To  find  thr,  solid'Uy  of  a  paralolic  spindle. 

Rui.E.  Multiply  the  square  of  the  middle  diameter  by 
•'i8r)4,  and  that  product  by  the  length;  then  r*-^  of  this 
product  will  be  the  solidity.*  * 

].  The  middle  diameter  C  D,  of 
a  ]»arabolic  spindle  is  10  feet,  and   . 
tlie  length  A  15  is  40;  required  its  ' 
solidity  ?  . 

10'  X    1854  X  40  =  3141-6  feet. 
Then  j\  x  3141-6  =  167552  feet,  the  answer. 


Sep  .Appendix,  DeraoDstration  8S. 
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2.  The  middle  diaiuet«r  C  D,  of  a  fyar^boUc  soiadle  is  12 
feci,  aud  the  leui,'ih  A  ii  is  3Q;  req'aired  the  ho!idit/ } 

Ans.   I80i»-56I6. 

3.  The  middle  diameter  cf  •-  parabolic  spindle  is  3  feet, 
and  the  leuglh  y  feet;  requi/td  its  solidity  ? 

Ans.  33-92928. 

4.  The  middle  diameter  of  a  parabolic  spindle  is  6  fee^ 
aoid  the  length  10;  required  it^  solidity  ? 

Ans.   150T968. 

5.  The  middle  diameter  of  a  parabolic  spindle  is  30  feet^ 
aiiii  the  ItiiL'rij  'lO:  rinuireii  iui  liolidity  ? 

Ans.  18849-6. 


PROBLEM  XXIV. 

To  fend  the.  solidity  of  the  middle  frustum  of  a  parabolii 
spindU. 

KuLK.  To  double  the  square  of  the  middle  diameter,  add 

the  i^quare  of  the  diameter  of  the  end;  and  from  the  sum 

KM'.'r,,  r  -Jy  of  the  .square  of  the  ditference  between  these 

:  the  remainder  niuitiplied  by  the  length,  and  that 

j.ijju-  .  ..)•    ^Olii,  will  be  the  solidity. • 


m 


1.    In  a    jjurabolic   spindie,   the        ^ 
middle  diameter  of  the  middle  frus- 
tum is  16,  the  least  diameter  12,   j^i 
and   the  len^^th   2U  ;    reduiriii   the 
solidity  of  the  frustum  '! 


Here  2  X  16»  4-  12»  —  ,«,  X  4«  =  512  +  U4  —  6  4  = 
649  6;  hence  649  6  — 20  X   2618  =  3401-3056,  the  solidity 


6* 
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_  2.  The  bung  diameter  of  a  cask  is  30  inches,  the  head 
diameter  20  inches,  and  the  len<>;th  40  inches;  required  its 
content  in  ale  gallons,  allowing  282  cubic  inches  to  be  equal 
to  one  gallon  ?  Ans.  80-211  gallons; 

3.  The  bung  diameter  of  a  cask  is  40  inches,  the  head 
diameter  30  inches,  and  the  length  60;  how  many  wine  gal- 
lons does  it  contain,  231  cubic  inches  being  equal  to  one 
gallon  ?  Ans.  276-08  gallons. 


PROBLEM  XXy. 

To  find  ike  solidity  of  a  hyperbolic  conoid. 

UuLE.  To  double  the  height  of  the  solid  add  three  times 
the  transverse  axis,  multiply  the  sum  by  the  square  of  the 
radius  of  the  base,  and  that  product  by  the  height,  and  this 
last  product  by  -5236  ;  the  result  di- 
vided by  the  sum  of  the  height  and 
trausverse  axis,  will  give  the  solidity.* 

1.  Required  the  solidity  of  a  hyper- 
bolic conoid,  whose  height  V  m  is  50, 
the  diameter  A  B  103-923048,  and  the 
transverse  axis  V  E  100  ? 

Here  (2  x  50  -f  3  X  100)  X  (^Q3-923048)^^  ^^^  ^  2700  = 

lOSMOO,  and  1H^^^22L:52^6^188496,  the  solidity. 

'2.  What  la  tUe  content  of  an  hyperboloid,  whose  altitude 
is  10,  .the  radius  of  its  base  12,  and  the  transverse  30  ? 

Ans.  2013-451151369. 


*5eo  AppentJix,  Demonstrution  «7. 
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PROBLEM  XXVI. 

To  find  tkt  sciidUy  of  the  frustum   of  a   hyperholoid,   or 
hyperbolic  amoid. 

^  RcLK.  To  four  times  the  square  of  the  middle  diameter, 
add  the  som  of  the  squares  of  the  greatest  and  least  diame- 
ters; mult  '  *'  result  by  the  altitude,  aud  that  product  by 
•130y  for  v.* 

1.  Required  the  solidity  of  the 
'-  ■  A  C  E  K  D  B  of  a  hyper- 
id,  whose  greatest  diame- 
u T  A  i>  i>  yG,  leust  diameter  E  H  54, 
middle  diameter  C  D   70  42G4352, 
;e  i«  M  25  ? 
+  AB=-fEH»  = 
>ll    X    4y    +   9216   +   2916  = 
o..4'JtJ,  and  35496  X  25  X    1309  = 
116160*66  the  answer. 


2.  Wh^r 
diainetiT 


ty  of  a  hy       '    '  "  lal  cask,  its  bung 
.es,  its  h  eter  24,  aud   the 

•  tweenthe  buug  aud  head  }  ^  310, 

Ans.  24998-69994216  inches. 


PROBLEM  XXVII. 

To  find  the  solidity  of  a  frustum  of  an  elliptical  tpindle, 
or  any  other  solid  formed  by  the  revolution  of  a  conic 
section  about  an  axis. 

riiLK.  Add  toother  the  squares  of  the  greatest  and  leasl 
diameters,  and  the  square  of  double  the  diameter  in  the 


*  ftw  ApMAdis*  Dwnhtt*  t  rtliffii  tttf. 
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middle  between  the  two;  multiply  the  sum  by  the  length, 
and  the  last  product  by  "1309  for  the  solidity.* 

1.  What  is  the  content  of  the  middle  frustum  C  D  I  H  of 
%uy  spindle,  the  length  0  F  being  40,  the  greatest,  or  middle 


K    E 


diameter  E  F  32,  the  least,  or  diameter  at  either  end  C  D  24, 
and  the  diameter  G  K  30-157568  ? 

Here  32^  +  (2  X  30-157568)'  +  24'  =  5237-89  sum; 

Then  5237-89  X  40  =  2095156,  and 

209515-6  X  -1309  =  27425-7  the  answer. 

2.  What  is  the  content  of  the  segment  of  any  spindle,  the 

length  being  20,  the  greatest  diameter  10,  the  least  diameter  at 

either  end  5,  and  the  diameter  in  the  middle  between  these  8  ? 

Ans.  997-458. 

PROBLEM  XXVIII. 

To  find  the  solidity  of  a  circular  ring. 
Uui.K.  To  the  thickness  of  the  ring  add  the  inner  diame- 
ter; multiply  the  sum  by  the  square  of  the  thickness,  and 
the  product  by  2.4674,  for  the  solidity.f 

1.  The  thickness  of  a  cylindrical 
ring  is  2  inches,  and  the  diameter 
C  1)  5  inches;  required  its  solidity? 

(2  +  5)  X  4  =  28;  then  28  X 
2-4674  =  69-0872  cubic  inches, 
the  answer. 

2.  Re(iuircd  the  solidity  of  an 
iron  ring  whose  axis  forms  the  cir- 


A 


-\ 


B 


•  See  Appendix,  netnonstration  H9. 
t  See  A]ii)endix,  Oemonvtratiou  UU. 
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cumference  of  a  circle  ;  the  diAineter  of  a  sccUod  of  the  rin^ 
2  inches,  and  the  inuer  Uiauieter,  from  side  to  side,  18  iuclies  ? 

Ans.  li>T'3i>25  cubic  iuches. 

3.  The  thickness  of  a  cjliadrical  riii^  is  7  inches,  and  the 
uner  diameter  20  inclies  ;  re<iuired  its  solidity  ? 

Ans.  3264-3702. 

4.  What  iff  the  solidity  of  a  circular  ring,  whose  thickness 
!  s  2  iucheti,  and  its  diameter  1 2  inches  ? 

Aks.  138' 1744  cable  inches. 
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SECTION  V. 


DEFINITIONS. 

A  ref^ular  body  is  a  solid  contained  under  a  certain  number 
of  similar  and  equal  plane  figures. 

Only  five  regular  bodies  can  possibly  be  formed.  Because 
it  is  proved  in  Solid  Geometry  that  only  three  kinds  of  equi- 
lateral and  equi-angular  plane  figures  joined  together  can 
make  a  solid  angle. 


1.  The  tdrmdron,  or  equi-lateral 
pyramifl,  is  a  solid  having  four  trian- 
gular faces.* 


2.  The  hexaedron,  or   cube,  is  a 
solid  having  six  square  faces. 


3.  The  odatdron  is  a  re- 
gulai"  solid  having  eight  tri- 
angular faces. 


■•  If  figures  nimilar  to  those  annexed  to  tlio  dolinitions,  bo  drawn  on  pasteboard, 
en<\  cnt  out,  by  (Mitting  thionj{li  the  boiindiiip;  lines,  and  if  the  oilier  li [io«  be  cut 
half  throuf;li,und  tlieu  the  parts  bo  turned  up  and  glued  together,  the  bodies  de- 
tilled  wiU  bo  formed. 


THK   REGCLAR    BODIES. 

4.  The  dodeeaedrou  has  twelve  pentagoual  faces. 


Ill 


5.  The  icotaedron  has  twenty  triangular  faces. 


•  PROBLEM  I. 
To  find  the  solidity  of  a  tetraidron. 
RcLB  I.  Multiply  Jj  of  the  cube  of  the  lineal  side  by  the 
•qoare  root  of  2,  and  the  product  will  t>e  the  solidity. 

Rule  II.  Multiply  the  cube  of  the  length  of  a  side  of  the 
body  by  thet^ibular  bolidity.aud  the  product  will  be  the  solidity 
of  the  body.*    This  rule  is  general  for  all  the  regular  bodies. 

1 .  If  the  side  of  each  face  of  a 
tetraedron  be  1 ;  required  its  soli- 
dity ? 

Here  ,»,Xl'Xv^2  =  ^X 
V  2  =    11785113,  the  solidity. 

2.  The  side  of  a  tetraedron  is 
12;  what  is  its  solidity  't 

Ans.  203  6467.       A 


*  Sm  AfT/tmAn,  l)eaMMt»t(«UMi  M. 
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PROBLEM  II. 

To  find  the.  solidity  of  a,  htxatdron,  or  a  cuhe. 

KuLE.  CuVje  the  side  for  its  solidity.* 
1.  If  the  liuear  side  of  a   hexaedron  be  3,-  wliat  is  its 
content  ?  Ans.  3  X  3  X  3  —  21. 


PROBLEM  III. 

To  fitul  the  solidity  of  an  odaedron.    ■ 

RuLK.  Multiply  the  cube  of  the  side  by  the  square  root 
of  2,  and  -J-  of  tlie  product  will  be  the  content.f 

1.  What  is  the  solidity  of  an  octaedron,  when  the  linear 
side  is  1  ? 


X 


=  i  V2 


P   X    V  2 
•4714045. 

2.  What   is   the   solidity   of  the 
octaedron,  whose  linear  side  is  2  ? 
Ans.  3- in 2. 


PROBLEM  IV. 

To  find  the  solidity  of  a  dodccaedron. 

Rui.E.  To  21  times  the  square  root  of  5  add  4T,  and 
divide  tliesuni  by  40;  multiply  the  root  of  the  quotient  by  5 
times  the  cube  of  the  lineal  side,  and  the  product  will  be  the 
solidity. ij; 


*  Spp  Appendix,  Demonstrntion  fil. 
t  Sre  ApiiPiiilix,  nemoiixliHtidii  fl'i. 
I  8o«  Aiiiiendix,  Demonstrution  9'd. 
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1.  If  the  liueal  side  of  the  dodecacdroa  be  1,  what  is  its 
solidity  ? 


Here  A  =  1,  cooBeqaently  5  A*  ^ 

TCGinUJOn,  the  coritont. 


47   X   21  V  5 
40 


2.  Tlic  bide  of  a  rejrular  dodeeaedron  is  12  inches;  bow 
maiiy  cubic  iucheji  doeti  it  cuutaiu  ? 

An$.  13241-8694592. 


PROBLEM  V. 
To  find  ike  solidity  of  an  icosatdron. 

Rci.K.  To  7  add  three  times  the  square  root  of  5,  take 
half  the  sum,  multiply  the  square  root  of  this  half  sum  by 
I  of  the  cube  of  the  lineal  side,  and  the  product  will  bo 
ihe  ^ulidity.• 


See  Ai>peadix.  DMMMtntMW  M 
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1.  What  is  the  solidity  of  aa  icosaedron,  whose  lineal  side 
is  1? 

Let  the  side  be  denoted  by  A.     Then  A  =  1,  and  con- 
sequently 

the  content. 

2.  What  is  the  solidity  of  an  icosaedron,  whose  lineal  side 
is  12  feet  ?  Ans.  3769-9689  feet. 

yole.  The  followinEf  table  may  be  collected  from  the  examples  given  in  the 
foregoing  rules  each  of  which  has  been  demonstrated  under  its  particular  head. 
It  has  also  been  demonstrated  that  the  cube  of  the  lineal  side  of  any  regular  solid 
multiplied  by  the  tabular  number  corresponding  to  the  figure,  will  give  its  con- 
tent. It  is  particularly  recommended  to  the  pupil  to  employ  the  general  rule  given 
in  rroblpm  I.  whenever  the  content  of  any  of  the  five  regular  l)odies  is  required. 

TABLE  m. 

Showing  the  solidity   of  the  Jive  regular  bodies,  the   length 
of  a  side  in  each  being  1. 


No.  of 

sides. 

Names. 

Solidity. 

4 

6 

8 

20 

12 

Tetraedron 
Hexaedron 
Octaedron 
Icosaedron 
Dodecaedron 

•1178511 
1-0000000 

•4714045 
2-1816950 
7-6631189 
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PROBLEM  VI. 

To  fi*d  the  furfau*  of  a  tetraedron. 

Rule  I.  Moltiplj  the  square  of  the  linear   side  bj  the 
square  root  of  '6,  aud  the  product  will  be  the  whole  surface.'}' 

RcLK  II.  Multiply  the  square  of  the  length  of  a  side  of  the 
I    "  ■  ;e  tubular  area  corresponding  to  the  figure,  and  the 

J .  .1  be  the  surface  of  the  body.     This  is  a  general 

rule  fur  liuding  the  surfaces  of  the  regular  bodies. 

1.  If  the  side  of  a  tetraedron  be  1,  what  is  its  surface  ? 

Here,  l«xV3   =  ^/3=   1-7320508  =  the  whole 
surface. 

2.  The  side  of  the  tetraedron  is  12;  what  is  its  surface  I 

Am.  249  4153152. 


PROBLEM  VII. 

To  -jimd  tkt  surf  wot  of  a  kexatdron,  or  cube. 

RuLB.  Square  the  side  and  multiply  it  by  6,  and  the  product 
will  be  the  surface.^ 

1    If  the  side  be  1,  what  la  the  surface  of  a  hexaedron  ? 
1*  X  6  =  6  the  whole  surface. 

2.  If  the  side  be  4,  what  is  the  surface  of  a  hexaedron  ? 

Am.  96. 

*TlkMlgklk«BCCt  MCUOatrMt;  ■  illd 

tkcrafaf*  IH1  to  k«  Uw  profwr  ^ .  i  u 

Uiu  Meiio*,  jpM  it  hM  Imwm  lAou); .  .  uie« 

WtthiM  iadwf  llMaoliditiMaiui  xiii^  .nuu*  Luiic* 

I  ■••  A|>f««4ix.  Deb' 

tSMAf|w«4is.0«Bt>i.      .       .   "J 
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PROBLEM  VIII. 

To  find  the.  surface  of  an  odaedron. 

Rule.  Multiply  the  square  of  the  side  by  the  square  root 
of  3,  and  double  the  product  will  be  the  surface.* 

1.  If  the  side  of  an  octaedron  be  1,  what  is  its  surface  ? 
2   X  12  ^3  =  2^3  =  3-4641016  =  the  whole  surface. 

2.  If  the  side  of  an  octaedron  be  12,  what  is  its  super- 
ficies ?  Ans.  498-8306304. 

3.  If  the  side  of  an  octaedron  be  4,  what  is  its  surface  ? 

Aois.  55-4256256. 

PROBLEM  IX. 

To  find  the  sujterfcies  of  a  dodecaedron. 

Rule.  To  1  add  |  of  the  root  of  5;  multiply  the  root  of 
the  sum  by  15  times  the  square  of  the  lineal  side,  and  the 
product  will  be  the  surface. f 

1 .  If  the  lineal  side  be  1,  what  is  the  surface  of  a  regular 
dodecaedron  ? 

Here  P  X  15  ^  (1  +  I  V  S)  =  15  V  (1  +  I  V  5)  = 
20-645728807,  the  surface. 

2.  What  is  the  surface  of  a  dodecaedron,  whose  lineal  side 
is  2  ?  Ans.  82-58292. 


♦  See  Appeiidix,  Demou»tration  97. 
t  Sou  Aiij)i-ndix,  UemuDHtratiuu  98. 
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PROBLEM  X. 
To  Jhd  the  sujperficus  of  an  icosaedron. 

Ri'LB    Multiply  five  times  the  square  of  the  lineal  side  by 
the  Miuarti  root  of  3,  and  tin;  product  will  be  the  surface.* 

1.  The  side  of  au  icosaedroa  is  1,  what  is  its  surface? 

5xl'X<y3  =  5^3  =  8-66025403. 

3.  What  is  the  surface  of  au  icosaedrou  whose  side  is  2  ? 

Ans.  34041. 

3.  What  is  the  surface  of  an  icosaedron  whose  side  is  3  7 

Ans.  77-9423. 

JVWc      la  iiMliBFr  ilailjr 

r«C'>a>menJiMl   lu  >  em 

fireiereoee  to  ao}  i>  lueed 

mtrtlj  u>  fijtd  the  lAliuijU'  uuiuUcit  L>y  uJucu  uto  j^uiiU  i*  tu  wuik. 

From  the  example!  given  in  the  preceding  nilpx.  in  which  the  lineal  side  of 
Melt  tegttiM'  tulid  u  1,  tiie  loUowicg  tabuUr  number*  may  be  coUeciad. 

TABLE  IV 

SAamng   lAe   surfaces    of  the  fire    regular  bodies,  when  the 
linear  side  is  1. 


! 

'  NaabM- 

KUM«. 

Surface. 

4 
6 

s 

1-* 
20 

T,..r,w.,lron 

.   uli 

HI 

icusut'uruu 

1-7320508 
60000000 
3-4641016 
206457288 
8-6602540 

*  8«M  A|>|j«iwlia,  UeiHOiMUmtioa  99. 
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SECTION  VI. 


PROBLEM  I. 

To  firid  the  surface,  of  a  prism. 

Rule.  Multiply  the  perimeter  of  the  end  of  the  solid  by 
its  length,  to  the  product  add  the  area  of  the  two  ends,  and 
the  sum  will  be  the  surface.* 


<A>K 


H  J 


E 


C      D 


*  Sco  Appendix,  Demonstration  100. 
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1.  If  the  side  H  I  of  the  pentagon  be  25  feet,  and  height 
I  D  10,  what  is  it£  surface  ? 

25  X  5  =  125,  the  perimeter; 

Then  125  X  10  =  1250  =  the  upright  surface; 

25»  X  l'I20477  =  1075  298125  =  the  area  of  one  end; 

And  1075-298125  X  2  =  2150596250  =  the  area  of  both 

ends. 

Then  2150  5196250  +  1250  =  3400  59625  =  the  entire 
surface; 

2.  If  the  side  of  a  cubical  piece  of  timber  be  3  feet  6 
iocbes,  what  is  the  upright  surface  and  whole  superficial 
content  ? 

.       J  49  feet  upright  surface. 
***  (  73  feet  6  in.  whole  superficial  content. 

3  If  ft  ?tone  in  the  form  of  a  parallelopipedon  be  12  feet 
9  i:es  deep,  and  4  feet  8  iuches  broad, 

WJ.  ,    .  '  e  aud  whole  superficial  couteut  ? 

J.        k  176  feet  4  in.  6  sec.  uprigbt  surface. 
***   ^197  feet  4  in.  6  sec.  whole  sup.  content. 

PROBLEM  II. 

To  find  tkt  surf  act  of  a  pyramid. 

RcuE.  Multiplj  the  slant  hei^rht  by  half  the  circum- 
ference of  the  baM,  and  the  product  will  be  the  surface  of 
the  sides,  to  which  add  the  area  of  the  base  for  the  whole 
rarface* 

Ki€.  TM  *U»t  luMit  tt  a  prnusM  te  Ik*  ii«n>Mi4iMilar  4fetMic«  fro*  tii* 
vert«*  la  ttie  MiMW  ocob*  of  tb«t  tkief.  and  the  iieri^ndiculitr  liw(ht  U  k  itrwgkt 
liita  dt*wm  tnm  tk*  v«tt«x  u>  tke  iiiMi>il«  of  tUe  b«M. 

*  tm  AfftmiiHt  DeMOBstntioo  101. 
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MENSUrvATION    OF    SOLIDS. 


B 


D 


1.  The  slant  height  of  a  triangular  pyramid  is  10  feet,  and 
each  side  of  the  base  is  1 ;  what  is  its  .surface  if 
Half  oireuniference  =     f 
Slant  heiy-ht  =      10 


Upright  surface 
Area  of  the  base 


15 
■433013 


The  entire  surface    =   15-433013 
2.   The  perpendicular  height  of  a  lieptagoiial  pyramid  is 
IB'5  feet,  and  each  side  of  the  base  15  inches;  required  its 
surface.  Ans.  05 -01 28  feet. 


PROBLEM  III. 

To  find  the.  surface  of  a  cove. 
RuLK.  Multiply  the  slant  height  by  half  the  circumference 
of  the  base,  aud  the  product,  with  the  area  of  the  base,  will 
be  the  whole  surface.* 


Seo  Apjiendix,  Deinoiisti'atiou  lOi. 


'  SURFACES  OP  SOUDS.  ISI 

1.  What  is  the  surface  of  a  coue  whose  side  is  20,  and  the 
circumference  of  its  base  9  ? 

Here  20  X  f  =  90  =  the  convex  surface. 

y*  X  -07958  =  6  4459S  =  the  area  of  the  base. 

Then  90  -f  6-44598  =  90  44598  =  the  whole  surface. 

2.  The  |>er{>eudicular  height  of  a  cone  is  10  5  feet,  and 
th»  circumference  of  its  base  is  9  feet:  wliat  is  its  super- 
ficies ?  Aiu.  541o36  feet. 


PROBLEM  IV. 

To  find  the  superfides  of  t/ie  frustum  of  a  right,  regular 
pyramid. 

Rile.  Add  the  perimeters  of  the  two  ends  toj^ether,  and 
multiply  half  the  sum  by  the  slant  height,  the  ]jroduct  will 
\»-  t',.  iipriifht  surface;  to  which  add  the  areas  of  both  ends, 
u;.<i  \:i<:  sum  will  be  the  whole  surface.* 

1.  What  is  the  superficies  of  the  frustum  of  a 
fqnare  pyramid,  each  side  of  the  greater  base 
A  B  being  10  inches,  and  each  side  of  the  less 
base  C  D  4  inches,  and  slant  height  20  inches  ? 

Here  10  X  4  =  40  the  perimeter  of  the  greater 

bMe. 
And  4  X  4  =  16  the  perimeter  of  the  less  end. 

Sum  56,  the  half  of  which  is  28. 

Then  28  x  20  =  560  =  the  upright  surface. 

10  X  10  =  100  =  the  area  of  the  greater  base. 

4  X  4  =  16  =  the  area  of  the  less  end. 

Hence  560  +  100  +  16  =  676  =  the  whole  surface. 

2.  What  is  the  superficies  of  the  frustum  of  an  octagonal 
pyramid,  each  side  of  t  -  base  being  9  inches,  each 
(iide  of  the  less  beoe  is  i>           ^  uud  the  height  lO'a  feet  ? 

Ans.  52  59  feet. 


>  Sm  Appeatlu,  DemoottnUoo  103. 

a 
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PROBLEM  Y. 

To  fitid  tJie  superficies  of  the  frustum  of  a  cone. 

Rule.  Add  the  perimeters  of  both  ends  together,  and  mul- 
tiply half  the  sura  by  the  shmt  height,  to  which  add  the  areas 
of  both  ends,  for  the  whole  superlicies.* 


1^  C 


1.  If  the  diameters  of  tlie  two  ends  C  D  and  A  B  are  t 
and  3,  and  the  slant  height  D  B  9,  what  is  the  whole  surface 
of  the  frustum  A  B  C  D  ? 

—J—  X  3-1416  X  9  =  141-372,  the  convex  surface. 

7  X  t  X  -7854  ■=  38-4846,  the  area  of  the  base  C  D. 
3  X  3  X  -1854  =    1-0686,  the  area  of  the  end  A  B. 


Then  141-372  +  45-5532  =  1869252  =  the  whole 
surface  of  the  frustum. 

2.  What  is  the  si-rperficies  of  the  frnstum  of  a  cone,  whose 
greater  diameter  is  18  intihes,  and  loss  diameter  9  inches, 
and  the  slant  height  I7r0592  inches  ? 

Am.  7572-981. 

*  See  Appendix,  Demonstration  104. 
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PROBLEM  VI. 

To  find  the  superjidts  of  a  u>t4gt. 

RcLB.  Find  the  area  of  the  back,  which  is  a  right-angled 
parmllelogram ;  find  the  ureas  of  both  euds,  which  are  tri- 
an^es  ;  aud  also  of  l)Oth  sides,  which  ure  trapezoids;  all 
these  areas  added  together  will  evideutly  be  the  whole 
surface.* 

1.  The  back  of  a  wedge  is  10  inches  ^  ^ 

long,  and  2  iin-hes  broad,  each  of  ita 
faces  is  10  inches  from  the  edtre  to  the 
back;  required  iu  whole  .surface  ? 

10  X  2  =  20  =  the  area  of  the  back. 
10  X  10  X  2  =  200  the  areas  of  both 

faces. 
^  (  A  E*  —  Ex«)  =  V  (100  —  1)  = 

9  949  =  A  X  ;  then 

9  949  X  2  =  19  898  =  areas  of  both 

ends. 

Hence  200  -f  20  +  19889  =  239  898  =  the  whole  sur- 
face of  the  wedge. 

S.  The  back  of  a  wedge  is  20  inches  long,  and  2  inches 
broad;  each  of  its  faces  is  10  inches  from  the  back  to  the 
^^\  what  is  its  whole  surface?  Ans.  459  898. 

PROIJLEM  VII. 

To  find  the  area  of  tkt  fruttuvi  of  a  tctdge 

Rrut.  Find  the  areas  of  the  back  and  top  sections;  of 
the  two  faces;  and  of  the  twu  ends;  the  sums  of  all  the 
separate  resolU  will  evideutly  Ijc  the  whole  surface. 

•  Sm  Apf*mfii*,  D«B<mi1ntloa  IM. 
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1.  The  length  and  breadth  of  the 
biick  are  1.0  and  2  inches,  the  lengtli 
and  breadtlj  of  the  upper  section  are 
10  and  1  inches,  the  length  of  the 
edge  from  the  back  to  the  upper  sec- 
tion is  10  inches;  required  the  whole 
surface  ? 

10  X  2  =  20  =  the  area  of  the  back. 
10  X  1  =  10  =  the  area  of  the  upper 

section. 
10  X  10  X  2  =  200  =  the  areas  of  both  faces. 

— "^^  =  1  =  -5,  and  ^  (100  —  -25)  =  9-98  =  B  y. 

Then  (2  +  1)  X  9-98  =  29-94  =  areas  of  both  ends. 
Heuce  20  +  10  +  200  +  29-94  =  259-94  inches,  the  answer. 

2.  The  length  and  breadth  of  the  back  are  10  and  4,  the 
length  and  breadth  of  the  upper  section  arc  5  and  2,  and 
the  length  of  each  of  the  faces  is  20;  required  the  whole 
superfices  ?  •  Ans.  410-18. 


PROBLEM  YIII. 

To  find  the  surf  act  of  a  globe  or  sphere. 

Eut-E.  Multiply  the  diameter  of  the  sphere  by  its  circum- 
ference, and  the  product  will  be  its  convex  surface.* 

1.  What  is  the  surface  of  a  globe,  whose  diameter  is  24 
laches  1 

24  X  3-1416  =  75-3984,  the  circumference  : 
15-3984  X  24  =  1809-5616  inches,  the  answer. 

2.  What  is  the  surface  of  the  earth,  its  diameter  being 
'951J,  and  the  circumference  25000  miles  ? 

Ans.  198943750  square  miles. 


f  See  Ajipcndix,  Demonstration  107. 
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PROBLEM  IX. 

To  find  tkt  ccmrtT  surface  of  any  segmtnl,  or   zoiu   of  a 
sphere. 

Rri.K.  Mn!tip!v  the  circamference  of  the  whole  gphere  by 
til  ueut,  or  zoae,  and  the  product  will  be 

t!  . ■ 

1.  If  the  diameter  of  the  earth  be  7970  miles,  the  hciajht 
of  the  frigid  zone  will  be  252*361283  miles,  what  is  its 
surface  ? 

Here  7970  X  3-1416  =  the  circumference;  thou 
7l»70    X    3141G    X    252361283   =    6318701107182216 
miles. 

2.  If  the  diameter  of  the  earth  be  7970  miles,  the  heigfht 
of  the  tenifwrate  zone  will  be  214or)2of)')8r)  miles;  what  is 
iUi  surface  ?  Aiis.  53073229  8 12734532  miles. 

3.  If  the  diameter  of  the  earth  be  7970  miles,  tlie  heip^ht 
of  the  torrid  zone  will  be  317S030327  miles;  what  is  its 
surface?  Aiu.  79573277-600160504  miles. 

N*T(.  By  kJdiof;  the  turfMcet  of  Itolli  frigid  zonsi  aud  tmtU  temperaU]  /ituea 
to  tfa«  tuKarv  >•{  the  totna  zoD«,  ibe  turn  li>9&d'J&9-44,  it  tk«  surt'uce  of  Uie 
earlb  to  Miuaie  railet. 

4.  The  diajoeter  of  a  sphere  is  3,  the  height  of  the  scg- 
l:;         "        '  '        ?  Alls.  9-4248. 

t  is  33,  the  heijrht  of  the 
.;mciil  Li  i;  uiuii  ;^  iu  cuuvcx  iiurface  ?  Ans.  132. 

PROBLEM  X. 

7'"  find  tht  snrfact  of  a  cylinder. 

R''r.r.  Mu!»ii«!y  the  driMiiiifereuce  by  the  length,  and  the 

pr  •  .,   m]j  tijg  area 

of  ee  of  the  entire 

solid.  I 
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1.  What  is  the  entire  surface  of  a  cylinder,  whose  length 
is  10  feet,  and  its  diameter  5  feet  ? 
3-1416 
5 


15-7080,    then    15-708    x     10    =    157-08   the  convex 
surface. 

5  X  5  X  -7854  =  the  area  of  the  base;  then 
2  X  5  X  5  X  -1854  =  50   X  '7854  =  39-2700  the  area 
of  both  bases;  then 
157-08  +  39-27  =  196-35,  the  answer. 

2.  Required  the  superficial  content  of  a  cylinder,  whose 
diameter  is  21-5  inches,  and  height  16  feet.     Ans.  95-1  ft. 

3.  What  is  the  surface  of  a  cylinder  whose  diameter  is 
20-75  inches,  and  its  length  55  inches  ?        Ans.  29-595  ft. 

PROBLEM.  XI. 

To  JiTid  the  superficies  of  a  circular  cylinder. 

Rule.  Add  the  inner  diameter  to  the  thickness  of  the 
ring,  multiply  the  sum  by  the  thickness,  and  that  product  by 
98696  for  the  superfices.* 

1.  The  thickness  A  C  of  a  cylindrical  ring  is  2  inches, 
the  inner  diameter  C  D  5  inches;  required  its  superficial 
content. 

Here  (2  +  5)  X  2  =  14;  then  14   X   9-8696  =  138.1744 
square  inches. 

*  See  Appendix,  Demonstration  110. 
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PROBLEM  XII. 

To  find  the  surface  of  a  parallelopipcdon. 

Rile.  Find  the  area  of  the  sides  and  ends,  and  their  sam 
will  be  the  surface. 

1 .  What  is  the  surface  of  a  parallelopipedon,  whose  length 
Li  10  feet,  breadth  4,  and  depth  2  ?  Aiu.  136  feet. 

10  X  4  =  40  =  the  area  of  one  face. 

10  X  4  =  40  =  the  area  of  its  opposite  face. 

10  X  3  =  20  =  the  wea  of  one  face. 

10  X  2  =  20  =  the  area  of  its  opposite  face. 

4x2=     8  =  the  area  of  one  end. 

4x2=    8  =  the  area  of  its  opposite  end. 

136  =  the  surface  of  the  whole  solid. 

2.  The  length  of  a  parallelopipedon  is  5,  breadth  4,  and 
depth  3;  what  is  its  surface  ?  Am.  94. 
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anrl  1  G  at  18'8.  These  are  the  wuie,  ale,  and  imperial 
giiag-e  points. 

On  this  face  is  a  table  of  the  value  of  a  load,  or  50  cubic 
feet,  of  timber,  at  all  prices  from  G  pence  to  2  shillings  per 
foot. 

To  ascertain  the  values  of  the  figures  on  the  rule,  which 
have  no  determinate  value  of  their  own,  but  depend  upo'j 
the  value  set  on  the  unit  at  the  left  hand  of  that  part  of  the' 
rule  marked  1,  2,  3,  &c. ;  if  the  first  unit  be  called  1,  the 
1  in  the  middle  will  be  10,  the  other  figures  that  follow 
will  be  20,  30,  40,  &c.,  and  the  10  at  the  right-hand  end 
will  be  100.  If  the  left-hand  unit  be  called  10,  the  1  in 
the  middle  will  be  100,  aud  the  ibjlovving  figures  will  be  200, 
300,  400,  500,  &c.;  and  the  10  at  the'  right  hand  end  will 
be  1000.  If  the  1  at  the  left-hand  end  be  called  100,  the 
middle  1  will,  be  1000,  and  the  following  figures  will  be  2000, 
3000,  4000,  &c.,  aud  the  10  at  the  right  hand  will  be 
10,000.  From  this  it  appears  that  the  values  of  all  the 
figures  depend  upon  the  value  set  on  the  first  unit. 

The  use  of  the  double  line  A,  B,  is  to  find  a  fourth  propor- 
tional, and  also  to  find  the  areas  of  plane  figures. 

The  use  of  the  several  lines  described  here  is  best  learned 
in  practice. 

If  the  rule  be  unfolded,  and  the  slider  moved  out  of  the 
grove,  the  back  part  of  it  will  be  seen  divided  like  the  edge 
of  the  rule,  all  measuring  3  feet  in  length. 

Some  rules  have  other  scales  and  tables  delineated  upon 
them;  such  as  a  table  of  board  measure,  one  of  tiniixT 
measure,  another  for  sliowing  what  length  for  any  breath 
will  make  a  square  foot.  There  is  also  a  line  showing  what 
length  for  any  thickness  will  make  a  solid  foot. 
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SECTION  VII. 


DBSCBIFTIOK   OF  THE   CARPENTEB's   RULE. 

instninient  is  sometimes  called  the  sliding  rule,  and 
,.^  ^^a  iu  meajiuriug  timber  and  artificer's  works.  By  it 
dimeu^ioDs  are  taken  and  contents  computed. 

It  consists  of  two  i '  ■  ■■■ces  of  boxwood,  each  one  foot 

loujr,  cuiiiiected  by  a  '  int. 

Out*  face  of  the  ruit*  is  tuviued  into  inches  and  half  quar- 
ters, or  eJL'hths.  On  the  same  side  or  face  are  several  plane 
$>:.'  ied   by  diagonal    lines    into  twelfths;    these  are 

cl.  .  ill  planning  dimensions  which  are  taken  in  feet 

:>  r  sa  of  the  rule  is  divided  decimally;  that 

i-  1  into  ten  equal  parts,  and  each  of  those 

ttf^  parts.     By  means  of  this  last  scale, 

dii  in  feet,  tenths,  and  hundredths;  and 

then  u^  uuiul>ers. 

Ill  ■  _       ^  n*  is  a  slider,  on  which  are 

m.  iwo  letters  B,  C;  on  the  same  face  are  marked 

tL_  A,  D.     The  same  numliers  serve  for  both  the.se 

two  middle  liues,  the  one  being  above  the  numbers,  and  the 
other  below. 

Three  of  these  lines,  viz..  A,  B,  C,  are  called  doable  lines, 
as  they  proceed  from  1  to  10  twice  over.  These  three  lines 
are  exactly  alike  both  in  division  and  numbers,  and  are 
numbered  from  t'  '  '"  V  and  towards  the  right,  1,  2,  3,  4,  o, 
6,  7,  8,  9  to  1,  ^^  is  iu  the  middle;  the  uumbers  then 

go  ou,  2,  3,  4,  o,  0,  I,  b,  y  to  10,  which  stands  at  the  right- 
hand  end  of  the  rule. 

These  four  li:  ones;  the  lower  line  D, 

is  a  single  one,  j  .  to  40,  and  is  called  the 

girt  line,  from  iti>  U(»e  iu  titiiiiug  tiie  content  of  timl>er. 

Uix}Q  it  are  aluo  marked  W  G  at  17' 15,  A  (i  at  18 '95, 
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THE  USE  OF  THE  SLIDING  RULE. 


PHOBLEM  I. 

To  multiply  numbers  together. 

Set  1  on  B  to  the  multiplier  on  A;  then  against  the  mul- 
tiplicand on  B,  stands  the  product  on  A. 

1.  Multiply  12  and  18  together. 

Set  1  on  B  to  12  on  A;  then  against  18  on  B  stands  the 
product  216  on  A. 

2.  Multiply  3G  by  22. 

Set  1  on  B,  to  36  on  A;  then  as  22  on  B  goes  beyond 
the  rule,  look  for  22  on  B,  and  against  it  on  A  stands  79-2; 
but  as  the  real  multiplier  was  divided  by  10,  the  product 
T92  must  be  multiplied  by  10,  which  is  effected  by  taking 
away  the  decimal  point,  leaving  the  product  792. 

PROBLEM  IL 

To  divide  one  number  by  another. 

Set  the  divisor  on  A,  to  1  on  B;  then  against  the  divi- 
dend on  A,  stands  the  quotient  on  B. 

1.  Divide  11  into  330. 

Set  the  divisor  11  on  A^  to  1  on  B;  then  against  the 
dividend  330  on  A,  stands  the  quotient  30  on  B. 

2.  Divide  7680  by  24. 

Set  24  on  A,  to  1  on  B;  then  because  7680  goes  beyond 
the  rule  on  A,  look  for  768  (the  tenth  of  7680)  on  A,  and 
against  it  stands  32  on  B;  but  as  the  tenth  of  the  dividend 
was  taken  that  the  number  should  fall  within  the  compass  of 
the  scale  A,  the  quotient  32  must  be  multiplied  by  10,  whicb 
gives  320  for  the  answer. 
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PROBLEM  III. 
To  square  any  number. 

Set  1  upon  C,  to  10  upon  D;  then  if  you  call  the  10  upon 
D  1,  the  1  ou  the  C  will  be  10;  if  you  call  the  10  ou  D,  10, 
then  the  1  ou  C  will  be  100;  if  you  call  the  10  ou  D,  100, 
then  the  1  ou  C  will  be  1000;  this  beiug  understood,  you 
will  observe  that  against  every  number  on  D,  stands  its 
square  ou  C. 

1.  What  are  the  squares  of  25,  30,  12,  and  20  ? 

Proceeding:  according  to  the  above  directions,  625  stands 
against  25,  900  against  30,  IH  agaiust  12,  400  against  20. 

PROBLEM  IV. 
To  extratt  the  square  root  of  a  number. 

Set  1  or  100,  &c.,  on  C,  to  1  or  10,  &c.,  on  D;  then  against 
every  number  found  on  C,  stands  its  root  ou  D. 

1.  What  are  the  square  roobj  of  529  and  IGOO  ? 

Proceedinji:  at-cordiug  to  the  above  directions,  opposite 
529  stands  23;  opposite  1600  stands  40,  and  so  on. 

PROBLEM  V. 

To  Jhd   a   mean  proportional    between   two   numbers   ait  9 
and  25. 

Set  the  Doraber  9  on  C,  to  the  same  9  on  D ;  then  against 
J'»  ou  C,  litauds  15  ou  D,  the  reiiuired  mean  proportiouul. 

The  reafiou  of  this  may  be  seen  from  the  proportion,  viz., 

:  15  ::  15  :  25. 

1    What  is  the  mean  proportional  between  29  and  430  ? 

>  •  w:,.-  number  29  ou  C,  to  the  same  ou  D;  then  against 
111.  M  :.  .'  tit!inJ»er  430  on  C,  stands  112  ou  D,  which  is  the 
Ui.  ai:  |.r  ^  j.'-.jual,  nearly. 
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PROBLEM  VI. 

To  fiiid  a  third  proportional  to  two  numlers,  as  21  and  32. 

Set  the  first  number  21,  on  B,  to  the  the  second,  32,  on  A; 
then  against  the  second,  32,  on  B,  stands  48'8  on  A,  which 
is  the  required  third  proportional. 

PKOBLEM.  VII. 

To  find  a,  fourth  proportional  to  three  given  numbers. 

Set  the  first  term  on  B,  to  the  second  on  A;  then  against 
the  third  term  on  B,  stands  the  fourth  on  A. 

If  either  of  the  middle  numbers  fall  beyond  the  line,  take 
one-tenth  part  of  that  number,  and  increase  the  fourth  num- 
ber found,  ten  times. 

1.  Find  a  fourth  proportional  to  12,  28,  and  114. 

Set  the  first  term,  12,  on  B,  to  the  second  term,  28,  on 
A;  then  against  the  third  term  114  on  B,  stands  266  on  A, 
which  is  the  answer. 
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PROBLEM  L 

To  find  the  superficial  content  of  a  hoard  or  plank. 

Rule.  Multiply  the  length  by  the  breadth,  and  the  product 
will  be  the  urea. 

NoTK.    When  tho  plaiilc  is  broader  at  one  enil  than  at  the  other,  add  both  ends 
together,  and  taku  halt  tlic  bum  fur  a  mean  breadth. 


BT  TBK   CARPENTEK's   RCLK. 

■  n  B,  to  the  breadth  ii»  inches  on  A;  then  apnlnst 
•  .   iu  feet,  ou  B,  will  be  found  the  superlices  oa  A 

iu  icvi. 

1.  If  a  board  be  12  feet  6  inches  long,  and  2  feet  3  inches 
broad,  iiow  mauy  feet  are  contained  in  it  ? 
«.  12  .  6  12-5 

S  .  3  2  25 


25  . 
3  . 

,  0 
1 

.  6 

625 
250 
250 

28  . 

1  . 

.  QAns. 

28.125  ^«4. 

BY  THE   CARPEKTER's    RULE. 

As  12  on  B :  27  ou  A  ::  12  5  on  B  :  28  125  on  A. 

2.  What  is  the  value  of  a  board  whose  length  is  8  feet  6 
inches,  and  breadth  1  foot  3  inches,  at  bd.  per  foot  ? 

Ans.  ix.  bd. 

3.  What  is  the  value  of  a  board  whose  length  is  12  feet 
9  inches,  and  breadth  1  foot  3  inches,  at  bd.  per  foot  ? 

Ans.  G«.  1\d. 

4.  What  is  the  ralue  of  a  plank  whose  breadth  at  one  end 
1^  2  feet,  and  at  the  other  end  4  feet,  at  (W.  per  foot,  the 
length  L>eiug  12  feet?  Ans.  \%s. 

5.  How  ;are  feet  in  a  board,  whose  breadth  at 
one  end  hi  ,  and  at  the  other  17  inches  the  length 
Wing  6  feel  '  Ans.  8. 

6.  How  many  square  feet  in  a  plank,  whose  length  is  20 
feet,  and  mean  breadth  3  feet  3  inches  ?  Ans.  65. 

PROBLEM   II. 

To  find  the  solid  amtetU  of  squared  or  four-tided  timber. 
Rule.  Take  half  the  sum  of  the  breadth  and  depth  iu  the 
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middle  (that  is,  the  quarter  girt),  square  this  half  sum,  and 
multiply  it  by  the  length  for  the  solid  content.* 

BY    THE    carpenter's    RULE. 

As  12  on  D  :  length  on  C  ::  quarter  girt  on  D  :  the  solid 
content  on  G. 

1.  If  a  piece  of  squared  timber  be  3  feet  9  inches  broad, 
2  feet  Y  inches  deep,  and  20  feet  long  ;  how  many  solid  feet 
are  contained  therein  ? 

3.9  ■ 

2  .  7 


2)  6.  4 


3  .  2  quarter  girt. 
3  .  2 


6 
G  .  4 


10  .  0  .  4  square  of  the  quarter  girt. 
20  length  of  the  piece. 


200   .6.8  solid  content. 

BY   THE    carpenter's    RULE. 

As  12  on  D  :  20  on  C  ::  38  on  D  :  200i  on  C. 

2.  A  squared  piece  of  timber  is  fifteen  inches  broad,  15 
inches  deep,  and  1 8  feet  long  ;  "how  many  feet  does  it  con- 
tain ? 

Ans.  28  J-  feet,  which  is  the  accurate  content,  as  the  breadth 
and  depth  are  equal. 

3.  Wliat  is  the  solid  content  of  a  piece  of  timber  whose 
breadth  is  10  inches,  depth  12  inches,  and  length  12  feet? 

Ans.  10  feet, 

*  This  rule,  which  is  ((onerally  employed  in  practice,  is  far  from  lieinp;  correct, 
when  the  breailth  and  depth  differ  inutcrially  from  each  other,  uud  the  timber 
dues  not  taper. 


TimKS  mAsms. 


135 


Rule  II.  Mnltiply  the  breadth  Id  the  middle  by  the 
depth  iu  the  middle,  aud  that  product  by  the  length,  for  the 
solidity.* 

4.  T  ■ 'ce  of  timber  is  18  feet  6  inches, 

the  »M  r  and  less  end  1  foot  6  inches,  anH 

1  .ud  lae  ihickness  at  the  greater  and  less 

1  .  and  1  foot;  what  is  the  solid  content? 

15  125 

1-25  1 


2)2T5 


2)2-25 


1.375  mean  breadth.  11 25  mean  depth, 

11 25  mean  depth. 
1*375  mean  breadth. 


1-546875 

18  5  length. 

28  6171875  Bolid  content. 

BT  TBE   SLIDING   RULK. 


B 
As  1 

C 

Asl 

C 


A 

D 

1 

D 


Ail8p   12 


B 

16}  ; 
C 

2-23 
D 
U9 


223  the  mean  square. 

D 
14  9  quarter  girt. 

C 
28- 6  the  content. 


Jfate  W%aa  Ik*  pi«e«  I*  k«  Maamred  topen  i«f  obrljr  from  one  eod  to  th«  oIkMr, 
•iikei  iMk.r  tbe  noli  liif^ik  aad  <U|*Ui  in  (lie  luiililla.  or  litk.it  from  ike  diaMMJona 
»'.  >uir:  fur  the  '  in.    'fhu,  iiowerer.  Ukottgh 

«t  '.  a  rer)  laj-  .uiatiou. 

\'.  .  r         .      ..  r  ■  but  It  thick  in  Mwne 

.    .  .  .    t     ..>    1  ..■.utixtioa*  ;    add    then 


Tiilt  rul<r   i<  «-orrr<-(  vtlir;.  Ike  tiuitc/  l'(m.<  nut  ta|>er  ;  but  wlitu  the  timbtii 

.!«  it  very 
c  timber 
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all  together,  ami  divide  their  sum  hy  the  number  of  dimensions  so  taken,  and  use 
the  t]uutiei)t  as  tlie  mean  dimension. 

Rule  III.  Multiply  the  sum  of  the  breadths  of  the  two 
ends  by  the  sum  of  the  depths,  to  which  add  the  product  of 
the  breadth  and  depth  of  each  end;  one-sixth  of  this  sum 
multiplied  by  the  length,  will  give  the  exact  solidity  of  any 
piece  of  squared  timber  tapering  regularly.* 

5.  How  maoy  feet  in  a  tree,  whose  ends  are  rectangles, 
the  length  and  breadth  of  one  being  14  and  12  inches,  and 
the  corresponding  dimensions  of  the  other  6  and  4  inches  ; 
also  the  length  304^  feet. 


14 

12 

12  X  14=  1(>8 

6 

4 

6  X     4  =    24 

— 

— 

20  X  16=  320 

20 

16 

512  sq 

32 

:  —  square 

feet. 

32 

2i      -                 _                It- 

Then  }  X 

y^ 

30i  = 

=  18-—  feet,  the  sondity. 

21                             ^ 

6.  How  many  solid  inches  in  a  mahogany  plank,  the  length 
and  breadth  of  one  end  being  91  i  and  55  inche^s,  the  length 
and  breadth  of  the  other  end  41  and  29^  inches,  and  the 
length  of  the  plank  ^\\  inches  ? 

Ans.  12G340-593'75  cubic  inches. 

PROBLEM  III. 

Given,  t/i-e  breadth  of  a  rectangular  plank  in  inches,  to  find 
h-viD  much  in  length  will  vuike  a  foot,  or  any  other  required 
quantity. 
Rule.  Divide  144,  or  the  area  to  be  cut  off,  by  the  breadth 

in  inches,  and  the  quotient  will  be  the  length  in  inches. 

■>  Thin  rule  is  coirect,  being  that  given  for  finding  the  solidity  of  the  prismoid— 
which  see. 

Let  B  and  b  be  the  breadths  of  tlic  two  ends,  D  and  d  the  depths, 
and  L  the  length  :  A  (B  D  -f  (B  +  6)  X  (D  -f  </)  +  6  <i)  X  L  =  tli( 
true  Bolidity,  nw  in  the  rule  for  the  prismoid. 
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Tlie  Carpenter's  rule  is  furnished  with  a  scale  which  an- 
SMfrs  t!ie  purpose  of  this  rule.  It  is  called  u  table  of  board 
iiieusure.  aud  is  in  the  following  form  : 


t 
6 

0 

0 

5 

0     |8i 

G 

liu-Ues-, 

i-l 

* 

3 

2 

2    1    1 

1 

1    Feet. 

I 

1     2J 

3 

4 

5 

6    1    7 

8 

Breadth. 

If  the  brfadtb  be  1  inch,  the  length  standing  against  it 
i<  12  feet;  if  the  breadth  lie  2  inches,  the  length  standing 
against  it  is  6  feet;  if  the  breadth  be  5  inches,  the  length  is 
1*  feet  5  inches,  &c. 

When  the  breadth  goes  beyond  the  limits  of  the  table  on 
tlie  rule,  it  must  be  shut,  and  then  you  are  to  look  for  the 
breadth  in  the  line  of  board  measure,  which  runs  along  the 
rule  from  •  of  lx)ard  measure,  and  over  against  it 

on  the  opj  •,  in  the  scale  of  inches,  will  be  found 

th''  k'ljgtli  j<-(|uittd.  For  example,  if  the  breadth  be  9 
itirht-.s,  you  -A  11  liud  the  length  against  it  to  be  16  inches; 
if  :be  breadth  be  1 1  iuches,  the  leugthwill  be  found  to  be  a 
little  above  13  inches. 

1.  If  a  board  be  6  inches  broad,  what  length  of  it  will  make 
a  square  foot  ?  Ans.  2  feet. 

2.  If  a  tKMfd  be  8  iiicbes  broad,  what  length  of  it  will  make 
4  square  feet  ?  Am.  ti  feet. 

3  If  a  board  he  16  inches  broad,  what  length  of  it  will 
V         '  '  Aiu.  5|  feet, 

is  broader  at  onu  Ond  thau  at  the  other, 
j»i<' ■  iig  to  the  following  : 

K  .  .  ...e  square  of  the  product  of  the  length,  and 
ii;t:r>.*  i\,<\,  ii.ld  twice  the  continual  product  of  these  quan- 
liiM  r,  \,t.,  ilic  length,  the  difference  between  the  breadths  of 
li.r  ends,  and  the  area  of  the  part  required  to  be  cut  off  ; 
<    ■  "'  *  ijf  the  sum;  from  the  result  deduct 

*'  jth  and  narrow  end,  and  divide  the 

T'    .  I  uucr  by   ilie  difference   between  the  breadths  of  the 

•  Sm  A|>|«Mlis.  iMaeaatntlM  111. 
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If  it  were  required  to  cut  off  60  square  inches  from  the 
8maller  end  of  a  board,  A  D  being  3  inches,  CEO  inches, 
and  A  B  20  inches. 


Here  A  a;  =  — ^-^  {^  \  {  B  X  ADy  +  4.  B  G  X  AB 

X  60 S  —  ABX  AD)  =  1(^1  (20  X  3)^+6  X  20X60 S 
— 20  X  3  =  14-64,  the  length  required. 


PROBLEM  lY. 

To  find  how  much  in  length  will  make  a  solid  foot,  or  any 
other  reqidrtd  quantity,  of  squared  timber,  of  equal  divieit- 
sions  from  end  to  end. 

Rule.  Divide  1728,  the  solid  inches  in  a  foot  or  the 
solidity  to  be  cut  off,  by  the  area  of  the  end  in  inches,  and 
the  quotient  will  be  the  end  in  inches. 

1.  If  a  piece  of  timber  be  10  inches  square,  how  much  in 
length  will  make  a  solid  foot  ? 

10  X  10  =  100  the  area  to  the  end;  then  1728  -H  100 
=  n-28  Ans. 

2.  If  a  piece  of  timber  be  20  inclies  broad,  and  10  inclies 
deep,  how  niucli  of  it  will  make  a  solid  foot  ? 

Ans.   %\^  inches. 

3.  If  a  piece  of  timber  be  9  inches  broad,  and  6  inclies 
deep,  how  much  of  it  will  make  3  solid  feet.        Ans.  8  ft. 
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On  some  carpenters'  roles,  there  is  a  table  to  answer  the 
purpose  of  the  last  rule;  it  is  called  a  Table  of  Timber,  and 
is  iu  the  following  furui : 


0 

0| 

0| 

o| 

o| 

.01 

111 

3| 

9  1  Inches. 

144 

36  1 

16  1 

9| 

5| 

4 

2 

2| 

1  1  Feet. 

1   H 

i\ 

3| 

M 

5| 

6 

1 

8| 

9  1  Side  of  square. 

PROBLEM  V. 

Toftnd  the  solidity  of  round  or  untquared  timber. 

Rile  I.  Gird  the  piece  of  timber  to  be  measured  round 
the  middle  with  a  string,  take  one-fourth  part  of  the  girt  and 
square  it,  and  multiply  this  square  by  tlie  length  for  the  solidity. 

BY   THE   SUDING    EULE. 

As  the  lerijrth  on  C  :  12  or  10  on  D  ::  quarter  girt,  in 
12ths  or  lUihs  on  D  :  content  on  C. 

N«tc  WIm*  th«  tTM  is  rery  irrafaUr,  djvid*  it  into  Mvaral  lenKtht  and  find 
tk«  tolMity  of  emtk  f*Tt  •eparatcly  ;  or  add  all  Uie  giru  U>g«Uier,  and  divide  tlie 
MUM  by  tk»  n«»bM'  c(  tkcm. 

1.  Let  the  length  of  a  piece  of  i-ound  timber  be  9  feet  6 
inches,  and  its  mean  quarter  girt  42  inches;  what  is  its 
coot«ot  ? 

3*5  qnarter  girt.  3 .  6  quarter  girt. 

8-5  3-6 


12  25 
9  5  length. 

10.6 
1.9 

116375  content. 

12.3 
9 . 6  length. 

110.3 
6.1.6 

116.4.6  content 
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BY    THE    SLIDING    RULE. 

As  9-5  on  C  :   10  on  D  ::  35  on  D  :   116^  on  C  ; 
Or  9-5  :   12  ::  42  116J. 

Rule  II.  Multiply  the  area  corresponding  to  the  quarter 
girt  in  inches,  by  the  length  of  the  piece  in  feet,  and  the 
product  will  be  the  solidity. 

NoTK.  It  may  sometimes  happen  that  the  quarter  girt  exceeds  the  limits  of  the 
table  ;  in  this  case,  take  half  of  it,  and  four  times  the  content  thus  found  will  give 
the  required  content. 

A  TABLE  FOR  MEASURING  TIMBER. 


Quarter 
liirt. 

Area. 

Quarter 
Girt. 

Area. 

Quarter 
Girt. 

1 
Area. 

Inches. 

Feet. 

Inches. 

Feet. 

Inches. 

Feet. 

6 

•250 

12 

1^000 

18 

2-250 

H 

•272 

124 

1-042 

18i 

2-376 

6i 

•294 

m. 

1-U85 

,     19 

2-506 

U 

•317 

\2i 

1  •  129 

IH 

2-640 

7 

•340 

13 

1-174 

20 

2-777 

74 

•364 

134 

1-219 

20  i 

2-917 

7* 

•390 

13i 

1  -265 

21 

3-062 

74 

•417 

131 

1-313 

21i 

3-209 

8 

•444 

14 

r361 

22 

3-362 

u 

•472 

144 

1^410 

22h 

3-510 

84 

•501 

Uk 

1-460 

23 

3-673 

81 

•531 

\U 

1-611 

23  i 

3-835 

.  9 

•662 

15 

1-562 

24 

4-000     1 

94 

•594 

154 

1-615 

24  i 

4-168     ! 

9i 

•626 

15i 

1-668 

26 

4-;!40 

n 

•659 

15i 

1-722 

26  i 

4-516 

10 

•694 

16 

1-777 

26 

4-694 

104 

•730 

164 

1-833 

26  i 

4-876 

lOi 

•766     , 

16i 

1^890 

27 

5-062 

in 

•803 

164 

1^948 

27  i 

5-252 

11 

•840 

17 

2^006 

28 

5-444 

114 

•878 

174 

2-066 

284 

5-640 

Hi 

•918 

17i 

2-126 

29 

5-840 

m 

•959 

174 

2-187 

29i 

1 

6-044 
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8.  If  a  piece  of  rouud  timber  be   10  feet  loop,  and  the 

fluart*"- ""•'  i  •"  ifi.  l„v-  r.i.iiitx-d  the  solidity.  Atit.  IO80. 

To  this  table,  look  for  the  quarter 

p'-'  '  iiiv  ^>j.vi..»..  iw»i.Rcd,  Quarter  Girt,  and  in  adjoia- 

i:  marked,  Area,  will  l>e  found   r08r>,  wliicli  ruulti- 

l>\.  ..,■  li  uuriii,  10  feet,  rill  give  1085  feet  for  the  solid 

'6.   A  |)ii. .  .if  round  timlKT  is  20  feet  long,  and  the  quarter 
;j;irt  14*;  Lu .s    Miiiv  feet  are  ooutaitied  therein? 

Ahs.  28-2  feet. 

4.  How  tji:iiiy  -olid   feet  are  cootaiued  in  a  tree  40  feet 
long,  iUi  quarter  jfirt  beiii|;  9  inches  .'  Aus.  22  4 8. 

5.  How  aiauy  solid  feet  iu  a  tree  32  feet  long,  its  quarter 
girt  being  8  inches?  Atu.  14208. 

6.  How  many  solid  feet  iu  a  tree  8^  feet  long,  iti^  quarter 
girt  Ijein?  7+  inches?  Ans.  3  315  feet. 

7.  !'  the   content  of  a   tree,   whose   length   is  40 
feet,  a.      ,          r  girt  27^  inches?  Anx.  210  08  feet. 

8.  What  is  the  cooteot  of  a  tree,  whose  length  is  80  feet 
6  inches,  and  quarter  girt  27|  inches  ?    Atis.  160  186  feet. 

^.  Required  the  content  of  a  pi«ice  of  timl>er,  whose  length 
■^  25  feet  U  inches,  aud  quarter  girt  12 J  inches  ? 

Afu.  29  071  feet. 
10.  What  is  the  !it  of  a  piece  of  timber,  whose 

length  in  12  feet,  au^  ,j gurt  13^  inches? 

Ans.  15- 18  feet, 
n.  What  i«  ''        '  '        *     "   /  a  piece  of  timber,  whoM 
quart**  girt  ia  1  r^h  38  feet  ? 

^iw.  57  418  feet. 
Wliea  tiie  mmure  of  the   quarter  is   multiplied   by   the 
lewgtli.  the  proooet  givea  a  ro  ■  one-fourth  less  th' 

tlte  tr«e  quantitv  iu  the  tn^.    t  ,  however,  is  inv!iri> 

(•rartitMl  -  merchants,  und  is  not  likely  to  l»e  a>n>- 

i -'i..l      \\      ..  -      tree  ia  in  the  form  of  a  cylinder,  itj«  con- 
to  be  found  by  Trob.  IV.  Sec.  IV.,  which  gives 

t  greater  than  that  found  by  the  last  rule,  nearly  in 

the  pruporttou  uf  14  to  II.     Notwithstanding  that  the  true 


142  TIMBER    MEASURE. 

content  is  not  found  by  means  of  the  square  of  tlie  quarter  girt, 
yet  some  allowance  ought  to  be  made  to  the  purchaser  on  ac- 
count of  the  waste  in  squaring  the  wood  so  as  to  be  lit  for  use. 
If  the  cylindrical  tree  be  reckoned  no  more  than  what  the  in- 
scribed square  will  amount  to,  the  last  rule,  which  is  said  to 
give  too  little,  gives  too  much.  When  the  tree  is  not  per- 
fectly circular,  the  quarter  girt  is  always  too  great,  and  there- 
fore the  content,  on  that  account,  will  be  too  great. 

Doctor  Hutton  recommends  the  following  rule,  which  will 
give  the  content  extremely  near  the  truth  : 

Rule.  Multiply  the  square  of  one-fifth  of  the  girt,  or  cir- 
cumference, liy  twice  the  length,  and  the  product  will  be  the 
content. 

BY   THE    SLIDING   RULE. 

As  double  the  length  on  C  :  12  or  10  on  D  ::  |  of  the 
girt,  in  12ths  or  lOths  on  D  :  content  on  C. 

12.  Required  the  content  of  a  tree,  its  length  being  9  feet 
6  inches,  and  its  mean  girt  14  feet, 
ft.  in.  p. 
14  -7-  5  =  2-8  =2  .  9  .  t  =  1  of  the  girt;  then 

ft.  in. 
2-8  9.6  2  .  9  .  t 

2.8  2  2.9.7 


7S4  19.0  5  .  t .  2 

19  2.1.2.3 
1.7.7.1 


148-96  content. 


7.9.11.10.1 
19 


184.  9.  8.  11 .7  content. 
ODD         C 
As  19  :  10  ::  28     :  149,  content  by  the  Sliding  Rule. 
Or  19  :  12  ::  336  :  149,  content  without  it. 
Dr.  Grkooky  recommends  the  following  rules  given  by 
Mr.  AndrewB ; 
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I^t  L ']  r  the  tree  ia  feet  and  decimals, 

aod  G  Uii 

RcLK  I.     Makiug  uo  allowance  for  bark. 

LO*  ,  -  ,  J  LG*  , .    , 

=    cuiiic  fpi-f    i-iistnmurv:  and- =  cubic  feet  tme 

2304  1«0T 

coutent. 

Ri'LB  II.     Allowing  I  for  bark. 

-       ■  =  cubic  feet,  customary;  -    .  ■   =  cubic    feet,    true 

coQteut. 

Reus  III.     Allowing  j\  for  bark. 

^^  t..    ..  LG»  .. 

=  cubic  feet,  customary;  ^— -  =    cubic   feet,    true 

cuutcut. 

RcLE  IV.     Allowing  ^'j  for  bark. 

LG*  ,.    ,  LG» 

^;^  =  cubic  feet,  customary;  —-7-  =   cubic   feet,    true 

coatent. 

What  is  the  solid  content  of  a  tree,  whose  circumference 
or  girt  is  60  inches,  and  length  40  feet  ? 

By  Rule  I. 

40  X   60* 

— 3^— —  =  62|  cubic  feet,  customary. 

40  X   60»  . .    , 

— :^^ —  =  79|  cubic  feet,  customary. 

liy  RuU  II. 

=  47-85  cubic  feet,  customary. 

40  X   60« 


2360 


=  61  cubic  feet,  true  content. 
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40  X   60^= 


2845 

40  X  60^ 

2231 

40  X  60^ 

2742 
40  X  OO-* 


By  Rule  III. 
=  50'G1  cubic  feet,  customary. 


:  64"54  cubic  feet,  true  content. 
By  Rule  IV. 
:  52'47  cubic  feet,  customary. 


,_  ,       =  6097  cubic  feet,  true  content. 
2160 

When  the  two  ends  are  very  unequal,  calculate  its  content 
by  the  rule  t^iven  for  linding  the  solidity  of  the  frustum  of  a 
cone,  and  deduct  the  usual  allowance  from  tlie  result. 

Wheu  it  is  required  to  find  the  accurate  content  of  an  irre- 
gular body  not  reducible  to  any  figure  of  which  we  have 
ah'eady  treated,  provide  a  cylindrical  or  prismatic  vessel, 
capal)le  of  containing  the  solid  to  be  measured  ;  put  the  solid 
into  tiie  vessel,  and  pour  in  water  to  cover  it,  marking  the 
height  to  which  the  water  reaches.  Then  take  out  the  solid, 
and  observe  how  much  the  water  has  descended  in  conse- 
quence of  its  removal  ;  calculate  the  capacity  of  the  part  of 
the  vessel  thus  left  dry,  and  it  will  evidently  be  equal  to 
the  solidity  of  the  body  whose  content  is  required. 


ARTIFICERS'  WORK. 


Artificers  compute  their  works  by  several  different  mea- 
sures : 

Glazing  and  masonry  by  the  foot. 

Plastering,  painting,  paving,  &c.,  by  the  yard  of  9  square 
feet. 

Partitioning,  roofing,  tiling,  flooring,  &c.,  by  the  square  of 
100  square  feet. 

13rick-\vork  is  computed  either  by  the  yard  of  9  square 
feet,  or  by  the  perch  or  square  rood,  containing  272|  scpuire 
feet,  or  HOi  square  yards  ;  272J  and  oO|  being  the  squares 
of  U>i  feet  and  ;')|  yards  respectively. 


U5 
CARPENTERS  AND  JOINERS'  WORK. 

1.    or   FLOORING. 

To  measure  joigts,  multiply  the  breath,  depth,  and  length 
together  for  the  content.* 

If  a  floor  be  50  feet  4  inches  long,  and  22  feet  6  inches 
broad;  how  many  8<jnares  of  flooring  are  in  that  room  ? 

50  333  50  .  4 

22  5  23  .  6 


251f.f'5  1107  .  4 

100«    '.  25  .  2 

1006G0  

100)11,32  .  6 


100)1132  4925 


11-325 


113249  squares. 

Ans.  11  squares  32^  feet. 

2.  If  a  floor  be  51  feet  C  inches  long,  and  40  feet  9  inches 
broad,  how  many  squares  are  contained  in  that  floor  ? 

Alls.  20UH()  squares. 

3.  If  a  floor  he  36  feet  3  inches  long,  and  10  feet  (J  inches 
broad,  bow  many  squares  are  contained  in  that  floor  ? 

Ant.  5  squares  98|  feet. 

4.  Jf  a  floor  be  86  feet  11  inches  long,  and  21  feet  2 
inches  broad;  how  many  squares  are  contained  in  it  ? 

Alts.  18  3972. 

5.  In  a  naked  floor  the  girder  is  1  foot  2  inehes  deep,  1 

iig;    there  are  9    i  the 

.ih  and  depth)  beiii;.    .  ^  by 

6  iueiMM,  auU  kuglii  22  fevt;  9  binding  joists,  tlie  length  of 


•  Jm(I«  r*c«iir«  rarirMM  ■•■»«,  fron   th*ir  pofitioD;  furh  as  f(ir<Jen>,  biiuJiuK- 

)ei«l«.  iriw»iin-jo>»n.  cowiim  j«i>t*  i-eihni?  oisis  kr       U'l.t-n  eirder*  and  joitU 

fl  tootimf  ar*  liMicBiBd  to  htar  com  uld  b«  Ut  iBiO  th» 
waU  St  M»li  cMl  aliMit  two-utird*  ot 

i 
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each  being  10  feet,  and  scantlings  8  inches  by  4  inches;  the 
ceiling-joists  are  25  in  number,  each  1  feet  long,  and  their 
scantlings  4  inches  by  3  inches;  what  is  the  solidity  of  the 
whole  ?  Alls.  85  feet. 

6.  What  would  the  flooring  of  a  house  three  stories  high 
come  to,  at  £5  per  square;  the  house  measures  30  feet 
long,  and  20  broad  ;  there  are  seven  fire-places,*  two  of 
which  measure,  each  6  feet  by  4  feet,  two  others,  each  6 
feet  by  5  feet  6  inches;  two,  each  of  5  feet  6  inches  by  4 
feet;  and  the  seventh  5  feet  by  4;  the  well-hole  for  the  stairs 
is  10  feet  by  8  ?  Ans.  MQ  2s. 


OP    PARTITIONING, 

Partitions  are  measured  by  squares  of  100  feet,  as  floor- 
ing; their  dimensions  are  taken  by  measuring  from  wall  to 
wall,  and  from  floor  to  floor;  then  multiply  the  length  and 
height  for  the  content  in  feet,  which  bring  to  squares  by 
dividing  100,  as  in  flooring.  When  doors  and  windows  are 
not  included  by  agreement,  deductions  must  be  made  for 
their  amount. f 

1.  A  partition  measures  1*73  feet  10  inches  in  length,  and 
10  feet  7  inches  in  height;  required  the  number  of  squares 
in  it?  ylns.  18-3972  squares, 

2.  A  partition  between  two  rooms  measures  80  feet  in 
length,  and  50  feet  6  inches  in  height;  how  many  squares 
in  it  ?  Ans.  40|  squares. 

3.  If  a  partition  measure  10  feet  6  inches  in  length,  and 
10  feet  9  inches  in  height;  how  many  squares  in  it  ? 

Ans.  1  square  12i  feet. 

4.  What  is  the  number  of  squares  in  a  partition,  whose 
length  is  50  feet  6  inches,  and  height  12  feet  9  inches  ? 

Am.  6  squares,  43  feet,  10^  inches. 


*  Fire-placos,  &c.,  aro  of  coume  to  be  deducted. 

t  The  best  and  stroneest  partitions  are  those  mndo  with  framed  work.    Tho 
kUif^-poutH  uro  moasurud  as  roofuif;,  the  rciit  us  Mooring. 
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In  roofinir.  tbe  lengtli  of  the  rafters  is  equal  to  the  lenpth 
of  a  slriu^  sirt-u-iietl  from  the  riti^'e  d-'wn  tin-  nifttr  till  it 
meets  the  lop  of  the  wall. 

To  find  the  content,  multiply  this  length  by  the  breadth 
and  depth  of  the  rafters,  and  the  result  will  be  the  content 
of  one  rafter;  and  that  multiplied  by  the  number  of  them 
will  give  the  content  of  all  the  rafters.* 

1.  If  a  bouse  within  the  walls  be  42  feet  0  inches  long:, 
tfud  20  feet  3  inches  broad;  how  many  squares  of  rooting  iu 
that  house  ? 


ft 

42  5 
2025 

ft.  in. 
42  .  6 
20  .  3 

2125 
850 
8500 

840 
6^     10.1 
3i     10  .  7 

-            '"iit. 

860  •  8  flat, 
430  .  4 

100)12909375 

12 '91  Bqaares. 

100)1291 

12  :  91 

2.  What  cost  the  roofing  of  a  house  at  11*.  per  square; 

t  II  the  walls  Ix'injr  oO  feet  9  inches,  and  the 

\j.  ;  the  roof  being  of  a  true  pitch  ? 

Ans.  £12  Us.  2iK 


•  Warfc»ra  gtmenUy  Uke  the  I«t  and  balf  the  flat  of  iiny  tioute.  Uken  wilhia 

t»-  a.>.l    .    T,,    »^    iV...    ■<,.-i,.iiro    iif'  ll..-    ri>  f    .,f  I),.-    >.,iii«    hi.ll.-t-        Tlilh    liowetfl.  M 

•  ril« 

'iia 

...   , , ,       .  of 

r...     ,  I,,  \  ^  I  li,   II  1.1.-.  i,r  i.l,i!.-»    iLe  loif  it  Keil«- 

:  lllg  U  of 
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3.  What  number  of  squares  are  contained  in  a  house, 
whose  length  within  tlie  walls  is  40  feet,  and  breadth  18 
feet;  the  roof  being  common  pitch  ? 

Ans.  10  squares  and  80  feet. 

4.  How  many  squares  in  the  roof  of  a  building,  the  length 
of  the  house  being  60  feet,  and  the  length  of  the  rafter  14 
ieet  6  inches  ?  Ans.  11  squares  and  40  feet. 

5.  How  many  squares  in  a  building,  whose  length  is  50 
feet,  and  length  of  the  rafter  15  feet  ? 

Ans.  15  squares. 

6.  How  many  squares  in  the  roof  of  a  building,  whose 
length  is  37  feet,  the  length  of  the  rafter  being  13  feet  ? 

Ans.  9  squares  and  62  feet. 

7.  How  many  squares  in  the  roof  of  a  building,  whose 
length  is  TO  feet  6  inches,  the  length  of  the  rafter  being  14 
feet  6  inches  ?  Ans.  20  squares  and  44^  feet. 

8.  How  many  squares  in  the  rOOT  of  a  building,  whose 
length  is  50  feet,  and  the  length  of  a  string  reaching  across 
the  ridge  from  eave  to  eave  being  30  feet  ? 

Ans.  15  squares. 

Note.  All  the  timbers  employed  in  roofinff  are  measured  like  those  used  in 
flooring,  except  where  there  is  a  necessity  for  cutting  out  parallel  pieces  equal 
to.  or  exceeding  2|  brond  and  2  feet  lung.  In  this  case  the  amount  of  the  pieces 
so  cut  out  must  lie  deducted  from  the  content  of  the  whole  piece  found  from  its 
greatest  scantlings.  Wlien  the  pieces  cut  out  do  not  amount  to  the  above  dinien. 
sions.  they  are  considered  as  useless,  and  therefore  no  deduction  is  to  be  made 
for  them.* 


*  In  the  nbove  fif^ure  K  is  called  theking-post.  and  in  measuring  the  pieces  cut 
out  of  it,  the  lihorteiit  length  into  be  taken.  T  B  is  called  the  tie-beam,  wbicli  pro 
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10.  Let  the  tie-beam  T  B  be  30  feet  lonfr,  9  inches  broad, 

H'"<  ]  foot  2  iuclics  thick;  the  kiujf-posl  K  11  feet  6  inches 

1  foot  broaU  at  the  bottuni,  uiiii  6  iuches  thick;  out  of 

<»«t  are  sawn  two  equal  pieces  from  tlie  sides,  euch  7 

>ug  and  3  inches  broad.     Ttie  braces  B  B,  are  T  feet 

II  Micijes  lonp,  and  5  inches  by  5  inches  square;   the  rafters 

K  K  lire   l\l  feet  loiii^,  5  inches  broad,  and   10  incites  deep; 

-  S  S  are  3  feet  0  inches  long,  4  inches  broad,  and 

leep;   what  is  the  measurement  for  workmanship 

uud  uIm  for  materials  'i 


solidity  of  the  tie-beam  T  B. 
solidity  of  the  kin-^-post  K. 
solidity  of  the  braces  B  B. 
solidity  of  the  rafters  R  K. 
8  solidity  of  the  struts  S  S. 


ft. 

in. 

P- 

31  . 

6 

.  0 

4   . 

y 

.  6 

2 

7  . 

.  3 

13  . 

2 

.  4 

11  . 

.  8 

63  .     0.9  solidity  for  workmausliip. 
1  .     5  .  ()  solidity  cut  from  the  kiu{>;-post. 


51  .     7.3  solidity  for  materials. 


or   WAINS00TTIN6. 

Waiascottiug  is  measured  by  the  yard  square,  which  is*9 
•quare  feet 

In  !   '  ons,  the  striii*r  is  made  to  ply  close 

over  /  panels,  moulding,  «kc.     The  height 

■  the  ceiling  being  thus  taken,  is 
•  vi  of  the  room  taken  all  round 
i.>t  lioor  i*  liM  MMM>ud  dimemaoo. 


»«•*  tl>e  Uft*r«  B  R  frawi  pr»^ln)r  «»it  the  w«l1.     The  brsres  B  B  Mrrm  to 
r.U*m  Ik*  nttt  .     •BacidM 

:   U>K»tiuir 
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Doors,  windows,  shutters,  &c.,  where  both  their  sides  are 
planed,  are  considered  as  worli  and  half ;  therefore  in  mea- 
suring the  room,  they  need  not  be  deducted;  but  the  super- 
ficial content  of  the  whole  room  found  as  if  there  were  no 
door,  window,  &c.,  then  the  contents  of  the  doors  and  win- 
dows must  be  found,  and  half  thereof  added  to  the  content 
of  the  whole  room. 

When  there  are  no  shutters,  the  content  of  the  \\'indows 
must  be  deducted  ;  chimneys,  window-seats,  check-boards, 
sopheta-boards,  linings,  &c.,  must  be  measured  by  them- 
selves. 

Windows  are  sometimes  valued  at  so  much  per  window, 
and  sometimes  by  the  superficial  foot.  The  dimensions  of  a 
window  are  taken  in  feet  and  inches,  from  the  under  side  of 
the  sill  to  the  upper  side  of  the  top-rail ;  and  from  the  out- 
side to  outside  of  the  jambs.    ' 

When  the  doors  are  panelled  on  both  sides,  take  double 
the  measure  for  the  workmanship. 

For  tlic  surrounding  architrave,  girt  round  it  and  inside 
the  jambs,  for  one  dimension,  and  add  the  length  of  the  jambs 
to  the  length  of  the  cap-piece,  (taking  the  breadth  of  the 
opening  for  the  length,)  for  the  other  dimension. 

Weather-boarding  is  measured  by  the  yard  square,  and 
sometimes  by  the  square. 

Frame-doors  are  measured  by  the  foot,  or  sometimes  by 
the  yard  square. 

Staircases  are  measured  by  the  foot  superficial.  The 
dimensions  are  taken  with  a  string  passing  over  the  riser 
and  tread  for  one  dimension,  and  the  length  of  the  step  for 
the  other.  By  the  length  of  the  step  is  meant  the  length  of 
the  front  and  the  returns  at  the  two  ends. 

For  the  balustrade,  take  the  whole  length  of  the  upper 
part  of  the  hand-rail,  and  girt  it  over  its  end  till  it  meet  the 
top  of  the  newel-post,  for  one  dimension;  and  twice  the  length 
of  the  baluster  upon  the  landing,  with  the  girt  of  the  iiand- 
rail,  for  the  other  dimension. 

Modillian  cornices,  coves,  &c.,  are  generally  measured  by 
the  foot  superficial. 
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sure. 


boxings  to  windows, 
;  aid  for  by  lineal  mea- 


Frontispieces  are  measured  by  the  foot  superficial,  and  the 
srchitrave,  frieze,  and  coruice,  are  measured  separately.* 

To  find  the  contents  of  the  foregoing  work,  multiply  the 
■vo  corresponding  dimensions  together  for  the  superficial 
outeut. 

1.  A  room,  or  wainscot,  being  girt  downwards  over  the 
nioui  iires  12  ft.  6  iu,  and  130  ft.  9  in.  in  compass; 

Low  n.  .>  does  that  room  contaiu  ? 


ft.     in. 
130.9 
18.6 

1560 
65  .  4  .  6 
6.0.0 
3.0.0 

9)1634  .4.6 

181  .  5  Ahs. 


ft. 
130-75 
12-5 

65375 
26160 
13075 

9)1634  375  ft. 

181  xards,  5  ft. 


*  B«l«tMr  U  »  small  col  u : 
Balactrk^e  m  •  row  of  t»ii. 

•r  a*  aa  tackaure  la  baloo: 
t  untic«  U  iIm  Utird  uitd 

ii|>l>«fBMMt  orasaMBt  of  tu) 

Co!    i>    «    luUUl    ttlUUtJil.. 
«  .' 


■«j,j.»r>J    111    le^.fft. 

tommimtt  e«Uod  ikc 

iu«;jU1  I'icfe       Alt' 


itrade*. 

ivmg  lor  a  rut  to  the  armi, 

'.  J  r«  of  u  columa,  or  the 

7°licre  it  alto  a  kind 
.  >  e,  oa  tiie  u|i|>ec 

..- odi'iial      It  if 
It  i( 

i:id 
tua 


..kr  a  IiI.E  VI  t'»celt 

Atom  wtlCtt 


»lian  of  • 

'1  he  iLjlt  ic.'ui.iidto  ii!  tUc  iu|i  WilU  au  aktiagaJ. 
fillet,  wluctt  m  tliu  |>Uce  u  calieJ  aun. 
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2.  If  the  wainscot  of  a  room  be  15  ft.  G  in.  liigh,  and  the 
compass  of  the  room  142  ft.  6  in.;  how  many  yards  are  con- 
tained in  it  if  Ans.  245/2  yards. 

3.  If  tlie  window-shutters  about  a  room  be  60  ft.  (J  in. 
broad,  and  C  ft.  4  in.  high  ;  how  many  yards  ai'e  contained 
tiierein,  at  work  and  a  half?  Aois.  63|J-  yards. 

4.  A  rectangular  room  measures  129  feet  6  inches  round, 
and  is  to  be  wainscotted  at  '6s.  (jd.  pev  square  yard;  after 
due  allowance  for  girt  of  cornice,  &c.,  it  is  16  feet  3  inches 
high;  the  door  is  1  feet  by  3  feet  9  inches;  the  window- 
shutters,  two  pair,  are  7  feet  3  inches  by  4  feet  G  inches; 
the  cheek-boards  round  them  come  15  inclies  below  the 
shutters,  and  are  14  inches  in  breadth;  the  liuiog-boards 
round  the  doorway  are  16  inches  broad:  the  door  and  win- 
dow-shutters being  workod  on  both  sides,  are  reckoned  as 
work  and  lialf,  and  paid  for  accordingly;  tlie  chimney  3  feet 
9  inelics  by  3  feet,  not  being  enclosed,  is  to  be  deducted  from 
the  superficial  content  of  the  room.  The  estimate  of  the 
charge  is  required.  Ans.  £43  is.  i^^d. 

5.  The  height  of  a  room,  taking  in  the  cornice  and  mould- 
ings, is  12  feet  6  inches,  and  the  whole  compass  83  feet  8 
inches;  the  three  window-shutters  are  each  7  feet  8  inches 
by  3  feet  6  inches,  and  the  door  1  feet  by  3  feet  6  inches;  the 
door  aiul  shutter,  being  worked  on  both  sides,  are  reckoned 
work  and  a  hulf.  Required  the  estimate,  at  (is.  per  S(-[Uiiro 
yard.  Ans.  i^36  12i-.  2^d. 


OF  BRICKLAYERS'  WORK. 

OP    TILING    OR   SLATING. 

Tiling  and  slating  are  measured  by  the  square  of  100 
feet.  There  is  no  material  dill'erence  between  the  method 
employed  for  finding  the  estimate  of  roofing  and  tiling; 
])ricklayers  sometimes  require  double  measure  for  hips  and 
valhiys. 
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When  ^tters  are  allowed  double  measure,  the  usual  mode 
is,  to  iiu-afrure  the  leujjth  along  the  ridge  tile,  aud  add  it  to 
tht-  fjuteiits  of  the  roof:  this  makes  an  allowiiuce  of  one  foot 
i     '  ■  'iig  the  hips  or  valleys.     Double  measure  is 

I  for  the  eaves,  so  much  as  the  projector  is 
over  iLc  pbiv,  which  is  generally  18  to  20  inches. 

Whea  sky-lights  and  chimney-shafts  are  not  large,  no 
allowance  is  to  be  made  for  them;  but  when  they  are  large, 
their  ainoout  is  to  be  deducted. 

1.  There  Is  a  roof  covered  wim  ims,  whose  depth  on 
both  sides  (with  the  usual  uliowaui-e  at  the  eaves)  is  30  feet 
Giiici.  iigth  42  feet;  how  many  squares  of  tiling 

are  t  a  ? 

ft.  in.  ft. 

30  •  6  30.5 

ii  42 


12G0  1)10 

21  1220 


100)1281  100)12,810 


12  .  81  12  squares  81  feet. 

2.  There  is  a  roof  covered  with  tiles,  whose  depth  on 
both  sides  (with  the  usual  allowance  at  the  eaves)  is  40  feet 
9  iache*,  and  t!.  \  47  feet  6  inches;  required  the  num- 
ber of  tqnares  ;  therein  ? 

Ans.  19  squares  35f  feet. 

3.  \>  !itii  wiil  the  slatiiitr  of  a  house  cost  at  £1  5s.  dd. 
per  square;  the  leij;:ili  being  43  feet  10  inches,  and  the 
)  '7  feet  5  inches,  on  the  flat;  the  eaves  projectmg 

un  each  side — true  pitch?         Aia.  £-2i  9*.  5J</. 

4.  What  if  the  content  of  a  slated  roof,  the  length  being 
45  feet  d  iocbM,  And  the  whole  girt  34  feet  3  inches  ? 

Aiu.  174  lui  yards. 
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OF   "WALLING. 


Brick-work  is  estimated  at  the  rate  of  a  brick  and  a  half 
thick;  so  that  if  a  wall  be  more  or  less  than  the  standard 
thickness,  it  must  be  reduced  to  it :  thus,  multiply  the  super- 
ficial content  of  the  wall  by  the  number  of  half  bricks  in  the 
thickness,  and  divide  the  product  by  3. 

The  superficial  content  is  found  by  ranltiplying  the  length 
by  the  height.  Bricklayers  estimate  their  work  by  the  rod 
of  IGi  feet,  or  212^-  square  feet.  Sometimes  18  feet  are 
allowed  to  the  rod,  that  is  324  square  feet;  sometimes  the 
work  is  measured  by  the  rod  of  21  feet  long,  and  three  feet 
high,  that  is,  63  square  feet;  in  this  case,  no  regard  is  paid 
to  the  thickness  of  the  wall  in  measuring,  but  the  price  is 
regulated  according  to  the  thickness. 

When  a  piece  of  brick-work  is  to  bo  measured,  the  first 
thing  to  be  done  is  to  ascertain  which  of  the  above  measures 
is  to  be  employed;  then,  having  multiplied  the  length  and 
breadth  together  (the  dimensions  being  feet)  the  product  is 
to  be  divided  by  the  proper  divisor,  namely,  2'I2'25,  324, 
or  (53,  according  to  the  measure  of  the  rod,  and  the  quotient 
will  be  the  measure  in  square  rods  of  that  measure. 

To  measure  any  arched  way,  arched  window,  or  door,  &c., 
the  height  of  the  window  or  door  from  the  crown  or  middle 
of  the  arch  to  the  bottom  or  sill,  is  to  be  taken,  and  like- 
wise from  the  bottom  or  sill  to  the  spring  of  the  arch,  tluit 
is,  where  the  arch  begins  to  turn.  Then  to  tlie  latter  height 
add  twice  the  former,  and  multiply  the  sum  by  the  breadth 
of  the  window,  dooi-,  &c.,  and  one-third  of  the  product  will 
be  the  area,  sulhciently  near  the  truth  for  practice. 

1.  If  a  wall  be  12  feet  6  inches  long,  and  19  feet  8  inches 
high,  and  5  bricks  and  a  half  thick,  how  many  rods  of 
brick-work  are  contained  therein,  when  reduced  to  the 
standard  ? 

NoTK.  The  tlandard  incnnii  a  waU  n  brick  nnil  n  half  thirk;  thorefore,  to  rodiioe 
uiiy  waH  to  the  Ntiinilurd,  iiuilti|>ly  tlic  eii|ic'i'ilcial  content  uf  it  by  the  uuniboi'  ui' 
Lulf  bricku  in  itH  tliiokiuisn,  unit  UiviUo  by  3. 
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ft. 

iu. 

73  . 

,  6 

19  . 

3 

t>48 

ti 

18  . 

,   1   . 

1) 

9  . 

.  6  . 

0 

1395  .7.6 
11 

3)15351  .  10  .  6 


212)5117(18  rods. 


2397 


68)221(3  quarters. 


17  feet. 

NoT^    Tktt  Mitt  ii  the  foacth  part  of  37iit6,  tnd  68  it  one-fourth  of  S7}. 

In  redadof^  feet  iuto  rods,  it  is  asaal  to  divide  272,  reject- 
ion^ ttie  decimal  '25.  By  this  method,  the  answer  fouud 
above  is  about  4}  feet  too  much. 

2.  How  many  rods  of  standard  brick-work  are  in  a  wall 
v>  IjijMr  ■  -  ^^^  height  24  feet  6  iuches; 

Am.  8-5866  rods. 

.    3.  T^"  "•"*  •^•'"  ^''"  "  *""^''  is  98  feet  10  inches  long,  and 
65  feet  ves  ;  20  feet  high  is  2|  bricks 

th=  '•  .:  uricks  thick,  and  the  remaining 

1.'  lis  thick,  above  which  is  a  triungu- 

la  <\i  rises  42  courses  of  bricks, 

01  a  foot.     What  is  the  whole 

cuuurut  m  stanilard  mt;:ai»ure  ' 

Ans.  253*62  yards. 
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OF    CHIMNEYS. 

When  a  chimney  stands  by  itself,  without  any  party-wall 
being  adjoined,  take  tlie  girt  in  the  middle  for  the  length, 
and  the  heiglit  of  the  story  for  the  breadth  ;  the  thickness 
is  to  be  the  same  as  the  depth  of  the  jambs  ;  if  the  chimney 
be  built  upright  from  the  mantle-piece  to  the  ceiling,  no 
deduction  is  to  be  made  for  the  vacancy  between  the  floor 
(or  hearth)  and  mantle-tree,  on  account  of  the  gatherings  of 
ttie  breast  and  wings,  to  make  room  for  the  hearth  in  the 
next  story. 

When  the  chimney-back  forms  a  party-wall,  and  is  mea- 
sured by  itself,  then  the  depth  of  the  two  jambs  is  to  be 
measured,  and  the  length  of  the  breast  for  a  length,  and  the 
height  of  the  story  for  the  bi'eadth  ;  the  tliickness  is  the 
same  as  the  depth  of  the  jambs.  That  part  of  the  chimney 
which  appears  above  the  roof,  called  the  chimney-shaft,  is 
measured  by  girding  it  round  the  middle  for  the  length,  and 
the  height  is  taken  for  the  breadth. 

In  consideration  of  plastering  and  scaffolding,  the  thick- 
ness is  generally  reckoned  half  a  brick  more  than  it  really 
is  ;  and  in  some  places  double  measure  is  allowed  on  account 
of  extra  trouble. 

1.  Let  the  dimensions  of  a  chimney,  having  a  double  fun- 
nel towards  the  top,  and  a  double  shaft,  be  as  follows, ^viz., 
in  the  i)arIour,  the  breast  and  two  jambs  measure  18  feet  9 
inches,  and  the  heiglit  ©f  the  room  12  feet  6  inches  ;  in  the 
first  floor,  the  breast  and  two  jambs  girt  14  feet  6  inches,  and 
the  heiglit  9  feet ;  in  the  second  floor,  the  breast  and  the 
iambs  girt  10  feet  3  inches,  and  the  height  is  1  feet  ;  above 
the  roof,  the  compass  of  the  shaft  is  13  feet  9  inches,  and  its 
height  6  feet  G  inches  ;  lastly,  the  length  of  the  middle  par- 
tition, which  parts  the  funnel,  is  12  feet,  and  its  thickness  1 
foot  3  inches  ;  how  many  rods  of  brick-work,  standard  mea- 
sure, are  contained  in  the  chimney,  double  measure  being 
allowed,  the  thickness  l^  bricks  ? 


3r(I. 


4th. 


MASOKS'    rORK. 

ft. 

in. 

ft.  in.  p. 

18 

.  9 

5tii.      1.3.0 

12 

.  G 

12 

lot 


225  .0  15  .  0  partition. 

9.4.6  234  .  4  .  ()  parlour 


9uL        14  .  6  541  .  0  .  0  sum. 

2 


234 

.4.6 

ft. 

in. 

14 

.  6 

9 

130  . 

G 

ft. 

in. 

10 
t 

.  3 

71  . 

9 

ft. 

in. 

13 

.  9 

6. 

,  6 

130  .  G  .  0  tirst  floor. 
11.9.  0  second  lloor. 
89  .  4  .  6  shaft. 


272)1082  .  0  .  0  double. 


68)260(3  rods  3  quarters. 


62  feet. 


82.6 
6  .  10  .  6 

89  .    4.6 


Alii,  u  rfwls,  3  quarters,  and  02  feet. 


MASONS'  WORK. 

To  masonry  beloof^  all  sorts  of  stone-work.  The  work  is 
sometimes  measured  bj  the  foot  solid,  Kometiines  by  the  foot 
in  len{^tb,  and  sometimes  by  the  foot  sopertieiul.  Maj^ons, 
in  taking'  dimemtions,  girt  all  their  mouldings  iu  the  same 
uuuuer  ha  joiuers. 
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"Walls,  columns,  blocks  of  stone  or  marble,  &c.,  are  wea- 
sured  by  the  solid  foot,  and  pavements,  slabs,  chimney-pieRes, 
&c.,  by  the  square  foot. 

In  estimating  for  the  workmanship,  square  measure  is 
geiieriilly  used,  but  for  tlie  materials,  solid  measure. 

Ill  the  solid  measure,  the  length,  breadth,  and  thickness, 
are  multiplied  together. 

In  the  superficial  measure,  there  must  be  taken  the  length 
and  breadth  of  every  part  of  the  projection,  which  is  seen 
without  the  general  upMght  face  of  the  building. 

1.  If  a  wall  be  82  feet  9  inches  long,  20  feet  3  inches 
high,  and  2  feet  3  inches  thick;  how  many  solid  feet  are 
contained  in  that  wall  ? 


ft.  in. 
82  .  9 
20  .  3 

ft. 

82-75 
20-25 

1640 
3  =  1   20  .  8  . 
6  =  1   10  .  3  . 
3  —  '    5  0 

3 
0 
0 

41375 
16550 
165500 

1675-6875 
2-25 

1675  .  8  , 
2  3 

,  3 

83784375 
33513750 
33513750 

3351  .  4  . 
8  =  1   418  .  11  , 

,  6 

3770  .    3  .  6f-  3770.296875  Ans. 

2.  If  a  wall  be  120  feet  4  inches  long,  and  30  feet  8  inches 
high  ;  how  many  superficial  feet  are  contained  therein  ? 

Ans.  3690f . 

3.  If  a  wall  be  112  feet  3  inches  long,  and  16  feet  6  inches 
high;  how  many  superficial  rods  of  63  square  feet  are  con- 
tained therein  ?  Ans.  29  rods  25  feet. 

4.  What  is  the  value  of  a  marble  slab,  at  8*.  per  foot,  the 
length  being  5  feet  7  inches,  and  breadth  1  foot  10  inches  ? 

Ans.  £i  Is.  lO^d. 
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PLASTEREIiS'  WORK. 

PlMt^rers'  work  is  of  two  kinds,  viz.,  ceiling  which  is 
pliititerin^  upon  laths;  and  rendering,  which  is  plastering 
upon  walls.     These  are  meajsared  separately. 

The  couteut  is  sometimes  estimated  by  the  foot,  sometimes 

by  the  yard,  and  soil!'  v  the  square  of  100  feet.     En- 

iched  mouldings  an-  A  by  the  running  foot  or  yard. 

Deductions  are  made  for  chimneys,  doors,  windows,  &c. 

In  plaster  ■•--  •-■  't-r  partitions,  where  several  of  the  large 
•races  and  <  ■•  timliers  project  from  the  pla.stering,  a 

fifth  16  usuaiiv  ti.aucled. 

Whitening'  and  colouring  are  measured  in  the  same  manner 
»<  /.      In  timbered  partitions,  one-fourth,  or  one- 

fi!  hoh;  area  is  usually  added,  to  compensate  for  the 

ti'  ^Mg  the  sides  of  the  quarters  and  braces. 

I  ,         girt  round  thcin  is  multiplit'd  by  the  length 

for  the  superficial  content 

1.  If  a  ceiling  be  40  leei  o  iiitiies  long,  luui  lo  feet  9 
Inches  broad,  how  many  square  yards  contained  therein  ? 
ft.   iu.  ft. 

40  .  3  40  25 

16  .  9  16  75 


640 

6=1 

20 

1  .  6 

3  =  4 

lU 

0  .  9 

3  =  i 

4 

0  .  0 

20125 
28175 
24150 
4025 


9)674  .2.3  9)674  1875 


Ans.  74  yards  8  feet.  Ans.  749097  yards. 

2    Th<»  length  of  a  room  is  14  feet  5  inches,  breadth  13 

ff  to  the  under  side  of 

tl.'  oiu  the  wall,  ou  the 

OpiMsr  part  ueJLt  the  c«iliug  ;   required  the  quantity  of  reu- 

*  ConucM,  (tmUtmt,  Ice  .  are  put  ou  sfUr  Uie  room  U  piMtcred  and  v*  aot,  o( 
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plumbers'  work. 


deritig  and  plastering,  there  being-  no  deduction  but  for  one 
door,  which  is  1  feet  by  4  ? 

Ans.  53  yards  5  feet  of  rendering,  18  yards  5  feet  of  ceiling. 

■  o.  The  circular  vaulted  roof  of  a  church  measures  105  feet 
6  inches  in  the  arch,  and  275  feet  5  inches  in  length;  what 
will  the  plastering  come  to,  at  l*-.  per  yard. 

Ans.  £161  8*.  b^d. 
4.  The  length  of  a  room  is  18  feet  6  inches,  the  breadth 
12  feet  3  inches,  and  height  10  feet  6  inches;  to  how  much 
amount  tlie  ceiling  and  rendering,  the  former  at  8^.,  and  the 
latter  at  od.  per  yard;  allowing  for  the  door  of  7  feet  by  3 
feet  8,  and  a  fire-place  of  5  feet  square  ? 

Ans.  £1  135.  nd. 


PLUMBERS'  WORK. 

Plumbers'  work  is  rated  by  the  pound,  or  by  the  hundred 
weight  of  1 12  lbs.  Sheet  lead,  used  in  roofing,  guttering,  &c., 
weighs  from  6  to  12  pounds  per  square  foot,  according  to 
the  thickness;  and  leaden  pipes  vary  in  weight  per  yard,  ac- 
cording to  the  diameters  of  the  bore. 

The  following  table  shows  the  weight  of  a  square  foot  of 
sheet  lead,  according  to  its  thickness;  and  the  common 
weight  of  a  yard  of  leaden  pipe  according  to  the  diameter  of 
its  bore. 


Thickness  of 
lead. 

rounds  to  a 
square  foot. 

Bore  of 
leaden  pipes. 

Pounds  ])cr 
jard. 

Inch. 

1 
To 

5-899 

0? 

10 

«■ 

6-554 

1 

12 

i 

•7-373 

n- 

.        16 

1 

8-427 

H- 

18 

J. 

(t 

I 

5 

9-S3r 
11-797 

12 

21 
24 

pLunns*  WORK  161 

1 .  A  piece  of  sheet  lead  measures  20  feet  6  inches  in 
Ituprth.  and  7  feet  9  inches  in  breadth;  wli:ir  !•<  iu  weight  at 
8^tU.  to  the  square  foot  ? 

ft.    in.  ft. 

•20  .  6  20  5 

1  .  9  7  15 


143  .  6  1025 

15  .  4  .  6  1435 


158.10  .  6 


1435 


158875 


1271  000 
39-719 

cwt.  qrs.  Ihs. 


112)1310-719(11  .  2  .  22J,  nearly. 
112 


190 
112 


28)78(2 
56 


22 

2.  What  weight  of  lead  y\  of  an  inch  thick  will  cover  a 
flat,  l/i  feet  6  incheii  long,  and  10  feet  3  inches  broad,  the 
lead  weighing  6lbe.  to  the  tquare  foot  ? 

Ans.  8  cwt.,  2  qrs.  l^lb. 

3    What  will  be  the  expense  of  covering  and  guttering  a 

r  jwail,  at  18*.  per  cwt.;  the  length  of  the  roof  being 

A  the  girt  over  it  32  feet;  the  guttering  being  57 

1  leugtb,  and  2  feet  in  breadth,  allowing  a  square  foot 

ud  to  weigh  8|fiM.  ? 

A>a.  i-104  15*.  did. 
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4.  What  will  be  the  expense  of  130  yards  of  leaden  pipe 
of  an  inch  .and  half  bore,  at  id.  per  lb.,  admitting  each  yard 
to  weigh  181bs.  ?  Ans.  £39. 


PAINTERS'  WORK. 


Painters'  work  is  computed  in  square  yards,  Every  part 
is  measured  where  the  colour  lies,  and  the  measuring  line  is 
forced  into  all  the  mouldings  and  corners.  Double  measure 
is  allowed  for  curved  mouldings,  &c. 

Windows  are  done  at  so  much  a-piece.  Sash-frames  at  a 
certain  price  per  dozen ;  sky-lights,  window-bars,  casements, 
&c.,  are  charged  at  a  certain  price  per  piece. 

To  measure  balustrades,  take  the  length  of  the  hand-rail 
for  one  dimension,  and  twice  the  height  of  the  baluster  upon 
the  landing,  added  to  the  girt  of  the  hand-rail,  for  the  other 
dimension. 

No  general  rule  can  be  given  for  measuring  trellis-work; 
but,  however,  double  the  area  of  one  side  is  often  taken  for 
the  measure  of  both  sides. 

1.  If  a  room  be  painted  whose  height  (being  girt  over  the 
moulding)  is  16  feet  4  inches,  and  the  compass  of  the  room 
120  feet  9  inches;  how  many  yards  of  painting  in  it  ? 

ft.     in.  ft. 

120  .  9  120-t5 

16  .  4  16-3 


1920                                              36225 
4=1—40  .  3                                    72450 
6=^       8.0                                  12075 
3=i       4.0-  ■ 

9)1968-225 


9)1972  .  3 


Alls.  219  yards  1  foot. 


Am.  218-691  yards. 
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9.  A    -  la  room  to  be  painted,   its  Icnjrth 

beinjr  '24  lireacltli   16  feet  3  iuclies,  and  heij^ht 

1*  foet  y  Huiies,  also  the  size  of  tiie  door  1  feet  by  3  feet 
G  inches,  aud  the  size  of  the  wiudow-shutters  to  each  of  the 
windows,   there  being  two,   is  7   feet  9  inches  by  3  feet  6 
itii-lir-;-  linf  the  breaks  of  the  windows  themselves  are  8  feet 
>'•  \  ..  and  1  foot  3  inches  deep;  what  will  be  the 

.  ... ...  v..  ^.ving  it  three  coats,  at  2^/.  per  yard  each;   the 

".."■  of  the  lire-place  to  be  deducted,  bein{?  5  feet  by  5  feet 
0  inches?  Ans.  £3  3*.  lOirf. 

3.  The  length  of  a  room  is  20  feet,  its  breadth  14  feet  6 
inches,  and  height  10  feet  4  inches;  how  many  yards  of 
painting  in  it,  deducting  a  fjre-}>lace  of  4  feet  by  4  feet  4 
inilies,  and  two  wiudow-shutters  each  G  feet  by  3  feet  2 
inches  ?  Atus.  73/^  yards. 


GLAZIERS'  WORK. 

Glaziers  take  their  dimensions  either  in  feet,  inches,  and 
parts;  or  feet,  tenths,  and  hundredths.  They  compute  their 
work  in  sfjuare  feet. 

Windows  are  sometimes  measured  by  taking  the  dimen- 
sions of  one  pane,  and  multiplying  its  snperticies  by  the 
number  of  panes.  But  generally  they  take  the  length  and 
breadth  of  the  whole  frame  for  the  glazing.  Circular  win- 
dows are  measured  as  if  they  were  square,  taking  for  their 
dimensions  their  greatest  length  and  breadth. 

I.  If  a  pane  of  gla^s  be  3  feet  6  inches  aud  9  parts  long, 
aud  1  foot  3  inches  and  3  •}>art8  broad  ;  how  many  feet  of 
gla^s  in  that  pane  ? 

3.6.9  3  56 

1.3.3  l-27t 


3.    6. 
10. 

9 

8. 
10. 

3 

8.3 

2492 
2492 
712 
856 

4.    6. 

3. 

U  .3 

Ans.  4 

Ans.  4  54612  foet. 


104  pavers'  work. 

2.  If  there  be  10  panes  of  j:;la.ss,  each  4  feet  8  inches  9 
parts  long,  and  1  foot  4  inches  and  3  parts  broad;  how  many 
feet  of  glass  are  contained  in  the  10  panes  ?     Ans.  64'0407. 

3.  There  are  20  panes  of  glass,  each  3  feet  6  inches  9 
parts  long,  and  1  foot  3  inches  and  3  parts  broad;  how  many 
feet  of  glass  are  in  the  20  panes  ?  Ans.  90"9224  ft. 

4.  If  a  window  be  T  feet  6  inches  high,  and  3  feet  4 
inches  broad;  how  many  square  feet  of  glass  contained 
therein  ?  Anx.  25. 

5.  How  many  feet  in  an  elliptical  fan-light  of  14  feet  6 
inches  in  length,  and  4  feet  9  inches  in  breadth  ? 

Ans.  68  feet  10  inches. 

6.  What  will  the  glazing  of  a  triangular  sky-light  come 
to  at  20cZ.;  the  base  being  12  feet  G  inches,  and  the  perpen- 
dicular height  G  feet  9  inches  ?  Ans.  £,2,  \0s.  Z\d. 


PAYERS'  WORK. 

Paver's  work  is  computed  by  the  square  yard;  and  the 
content  is  found  by  multiplying  the  length  by  the  breadth. 

1.  What  will  be  jjaid  for  paving  a  foot-path,  at  45.  the 
yard,  the  length  being  40  feet  6  inches,  and  the  breadth  7 
feet  3  inches  ? 

ft. 
40-5 

•    •  7-25 


ft. 

40 

7 

in. 

6 

3 

283 
10 

6 
1  . 

6 

Ans.  293 

.  1  . 

6 

2025 
810 
2835 


Ans.  293-625  feet. 

2.  What  will  be  the  expense  of  paviug  a  rectangular  court- 
yard, whose  length  is  62  feet  7  inches,  and  breadth  44  feet 
5  inches;  and  in  which  there  is  a  foot-path,  whose  whole 
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lenu.u  lb     1  feet  "  ii  1  breadth  5  feet  6  inches,  this 

at  ij«.  per  yard,  aud  .  .:  '2s.  (W.  per  yard  ? 

ylMi.i.39  11$:  'il>l. 

3.  What  is  tlie  expense  of  paving  a  court,  at  3s.  2d.  per 
yard;  the  leuf^th  being  27  feet  10  iucbes,  and  the  breadth 
14  feet  y  inches  ?  Ans.  £1  is.  5J</. 

4.  What  will  the  paving  of  a  walk  round  a  circular  bowl- 
ine at  2i.  id.  per  yard,  the  diameter  of  the 
l>.                              _    40  feet,  aud   the  breadtli  of  the  walk 

IlcI  .'  Ans.  £^J  3.V.  33^^/. 

II ou  many  yards  of  paving  in  an  elliptical  walk  4  feet 
broiul,  the  longer  diameter  being  60  feet,  and  shorter  50  ? 

Ans.  82-3797  yards. 


VAULTED  AND  ARCHED  ROOFS. 

Arched  roofs  are  either  domes,  vaults,  saloons,  or  groins. 

Domes  are  formed  of  arches  springing  from  a  circular 
or  polygonal  ba&e,  aud  meeting  in  a  point  directly  over  the 
centre  of  that  bai>e. 

Saloons  are  made  by  arches  connecting  the  side  walls  of  a 
building  to  a  flat  roof  or  ceiling. 

(iroins  are  made  by  the  iutersectioo  of  vaulted  roofs  with 
each  other. 

Vaulted  roob  are  sometimes  circular,  sometimes  elliptical, 
and  sor-   •' —  <jothic. 

C\t,  are  those  of  which  the  arch  is  a  part  of  the 

eir-  11:  :  t  the  circle. 

1  ■  '  r  "fs  are  those  of  which  the  arch  is  a  part  of 
the  cii.  .  ■!'  an  ellijjsis. 

Cioit..c  fools  ait.  made  by  the  meeting  of  two  equal  circu- 
lar arcbas,  exactly  above  the  span  of  the  arch. 

'  >.'|)edon,  and 

t  .ad  breadth 

ijy  iho  height. 
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Sometimes  one-tenth  is  deducted  from  the  solidity  thus 
found,  and  the  remainder  is  reckoned  as  the  solidity  of  the 
vacuity. 


PROBLEM  I. 

To   find    the    solidity   of    a    circular, 
vaulted  roof. 


elliptical,    or    Gothic 


Rule!  Find  the  erea  of  one  end,  by  one  of  the  foregoing 
rules,  and  multiply  the  area  of  the  end  by  the  length  of  the 
roof,  or  vault,  and  the  product  will  be  the  content. 

Note.  When  the  aro)i  is  a  segment  of  a  circle,  the  area  is  found  by  Prnli,  XXVIIt., 
Sec.  II.  When  the  arcli  is  a  segment  of  an  ellipsis,  multi|il}-  the  span  by  the  height, 
and  that  ])rodnct  by  -7854  for  the  area  of  the  end.  When  it  is  a  Gothic  arch,  lind 
the  area  of  an  isosceles  triangle,  who.se  base  is  eqnal  to  the  span  of  the  arch,  and 
its  sides  equal  to  the  two  chords  of  the  circular  segment  of  the  arch  ;  then  add  the 
areas  of  the  two  segments  to  the  area  of  the  triangle,  and  tlie  sum  will  give  the 
area  of  the  end. 


]s:- 


K 


MM- 


tK S ""bM^ 


1.  What  is  the  content  of  a  concavity  of  a  semi-circular 
vaulted  roof,  the  spau  being  30  feet,  and  the  length  of  the 
vault  150  feet  ? 

30   X   30  =  900;  then  900   X   -^854  =   lOfi'Sfi,  hence 
lOCSfi  -f-  2  =  353-43  the  area  of  the  end; 
then  353-43  X  150  =  53014-5  the  content. 
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s  the  sol:  •  of  the  vacuity  A  0  E  B  of  a 

a                     \\\'.o«:  1   .;  is  00  feet,  the  chord  B  0,  or 

A  U,  »  '■;  ilie  distance  of  eiich  arch  from 

the  mi>:  ii£  D  £  =  12  feet,  aud  the  length 
of  the  vault  40  feet  if 

In  t  !e,  the  triangle  ABO  equi-lateral,  and  its 

afeaU  .  .    3  =  900  <y  3  =  1557.     Again,  a  (B  O  X, 

^  ^^  -^  ^'=  *  ^^®  ^  ^^^  •*"  60^^  =  ^^^*  =  *'"'''  ""^ 
segment  0  E  B,  aud  494}  X  2  =  9S84  the  areas  of  the  two 
segment*  O  E  B  and  O  H  A;  then  1557  -f  9884)  X  40 
=  101832,  the  solidity  required. 

Let  M  L  K  L  represent  a  perpendicular  section  of  a 
raulted  roof  ^Gothic.)  The  span  A  B  is  GO  feet,  the  thick- 
ness of  the  wall  M  A,  or  B  L,  at  the  spring  of  the  arch  =  4 
feet,  the  thickness  O  P  at  the  crown  of  tlie  arch  =  3,  and 
the  length  of  the  roof  =:  40  feet,  the  chord  A  0  or  O  B  = 

60  feet,  and  the  .versed  sine  D  E  12  feet;  required  the 
solidity  of  the  materials  of  the  arch. 

First,  ^  ( A  O*  —  A  C»)  =  ^  (60*  —  30»)  =  5196  = 
8  O,  the  height  of  the  vacuity  of  the  arch,  and  S  0  +  O  P  = 

61  96  +  3  =  54  96  =  S  P;  again,  AB-fMA-|-BL  = 
60  -f  4  4-  4  =  68  =  M  L,  aud  M  L  X  S  P  =  the  area 
of  the  rectangle  M  N  K  L;  hence  MLxSPx40  — 
1"'  v-  •  '  ■  •  *■  the  vacuity  A  O  B  by  the  last 
P;  y  of  the  materials;  that  is 

6b  X  '4  v«>  X  4"  —  iuls32  =  476592  feet,  the  solidity 
required. 

Note    Mr\tm  tlie  Arch  .\  O  B  it  *a  elli(>t>(«l  tcpment.  iti  »rea  multiplied  by  the 
ttUot  lite  r.>  f  g.rs  ttc  »..l..i.i-,  i.f  il.r  tkcuity    an-l  M  I.  uiuhii.iie.!  h\  S  P, 
au4  Ike  |>rteloc  ;  .10 

whince  eaJ  it  '■  ,t' 

tk»  aii&eJ  >■  :  :    a 

l»nic«  «t  =  .  ..,,c  iuiidinw  ui  T.  T. 

3.  K«<|uire<l   the  capacity  of  ih-  .    of  au  illipticaP 

Tault,  whose  spau  is  30  feet,  ati-.l  :  /  .  i  .  feet,  the  length 
of  the  mult  being  90  feet  Aw.  31808  1  feet. 
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PROBLEM  II. 

To   find     the    covcave     or    convex    surface    of    a    circula''', 
elli]}lical,  or  Gothic  vaulted  roof. 

Rule.  Multiply  the  length  of  the  arch  by  the  length  of 
the  vault,  and  the  product  will  be  the  superficies. 

Note.  To  find  the  length  of  the  arch,  make  a  line  ply  close  to  it,  quite  across 
from  side  to  side. 

1.  What  is  the  surface  of  a  vaulted  roof,  the  length  of  the 
avcb  being  45  feet,  and  the  length  of  the  vault  140  feet  ? 

140  X  45  =  6300  square  feet. 

2.  Required  the  surface  of  a  vaulted  roof,  the  length  of 
the  arch  being  40  feet  6  inches,  and  the  length  of  the  vault 
100  feet?  yl/w.  4050  feet. 

3.  What  is  the  surface  of  a  vaulted  roof,  the  length  of  the 
arch  being  40.5  feet,  and  the  length  of  the  vault  60  feet  ? 

Ans.  2430  feet. 


PROBLEM  III. 

To  find   the   solidity  of  a   do?ne,  having  the  height  and  the 
dimensions  of  its  base  given. 

RuLK.  Multiply  the  area  of  the  base  by  the  height,  and 
two-third  sof  the  product  will  give  the  solid  content.* 


*  This  rule  is  correct  only  In  one  case,  namely,  when  the  dome  is  half  a  sphere, 
and  in  this  case  the  height  is  eqiial  to  the  radius  of  the  circular  base.  It  is  a 
wollkniiwn  property  tlial  the  solidity  of  a  sphere  is  two-thirds  of  that  of  a  cylinder 
hiivniK  tlic  same  base  and  lieight.  But  the  solidity  of  a  cylinder  is  found  by  mul- 
tipli  ini;  llic  area  of  its  base  liy  the  lieiglit.  Hence  the  reason  of  the  rule  wlien 
n(i|ilieii  to  tliis  ]>articular  case.  No  general  rule  can  be  given  to  answer  every  case, 
BH  some  domes  are  circular,  some  elliptical,  some  polygonal,  Sec;  they  are  of 
various  heights,  and  their  sides  of  dilforent  curvature  When  the  height  of  the 
doiiK-  is  eijuul  to  the  radius  of  its  base,  (the  curved  si<les  being  circular  or  ellip- 
ticiil  quadrants),  or  to  half  the  mean  pro])ortional  between  tlic  two  b\cs  of  its 
elliptical  base,  tlie  above  rule  will  answer  pretty  well  ;  but  with  any  other 
dimonbiuuii  it  ought  not  to  be  used. 
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1 .  What  is  the  solid  content  of  a  dome,  in  the  form  of  a 
beuiispbere,  the  diameter  of  the  circular  base  being  40  feet  ? 

40*  X    "854  =  1256-64  =  the  area  of  base. 

I  (1256  64  X  20)  =  »  (26132  8)  =  16755-2,  answer. 

2.  What  is  the  solid  content  of  an  octagonal  dome,  each 
side  of  its  ba«e  being  20  feet,  and  the  height  21  feet  ? 

Ans.  27039- 1917  cubic  feet. 

3  iity  of  the  stone-work  of  an  elliptical 

doui<  rs  of  its  base  being  40  and  30  feet, 

the  height  17  32  feet,  and  the  stone-work  in  every  part  4 
feet  thick.  Ans.   9479  0SG848  cubic  feet. 


PROBLEM  IV. 

To  find  *^'    "■'■"■fidal  amient  of  a  dome,   the  height   and 
isiotu  of  its  base  being  given. 

RcLE.  Multiply  the  sfpiare  of  the  diameter  of  the  base 
by  1  5708,  and  the  product  will  be  the  superficial  content.* 

For  an  elli|itie«|  dome,  mnltiply  the  two  diameters  of  its 
htu^  ^ing  by  15708  for  the 

■u|K  j»  :  lor  practical  purposes. 

1.  The  diameter  of  tjie  base  of  a  circnlar  dome  is  30  feet, 
tod  its  height  10  feet;  required  its  concave  superlicies  ? 

20*  X  1-5708  =  628  32  feet,  the  answer. 

2.  Tlie  two  diameters  of  an  elliptical  dome  are  40  and 
SO  ft-et,  and  iu  height  17  32  feet;  required  the  concave 
surface  ?  Ans.   1884  96  square  feet. 

J.  What  is  the  saperficies  of  a  hexagonal  spherical  dome, 
ea4.h  side  of  the  base  being  10  feet  7  Ans.  519  6153. 

*  ThH  r«lr  M  rorr«cl  anijr  wkM  Ik*  &om*  i*  eircuUr,  ui4  iu  t«ickl  mimI  to 
Ikn)  naiM  of  Um  bSM  — ISiw  Aitfeadix.  Demorutntiuu  IIJ 


no 
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PROBLEM  V. 

To  find  the  solid  content  of  a  saloon. 

Rule.  Multiply  the  area  of  a  transverse  section  by  the 
compass  or  circumference  of  the  solid  part  of  the  saloon, 
taken  round  the  middle  part.  Subtract  this  product  from 
the  whole  vacuity  of  the  room,  supposing  the  wails  to  go 
upright  from  the  spring  of  the  arch  to  the  flat  ceiling,  and 
the  difference  will  be  the  answer,  as  will  appear  evident  from 
t^e  following  example. 

1.  What  is  the  solid  content  of  a  saloon  with  a  circular 
quadrantal  arch  of  2  feet  radius,  springing  over  a  rectaa- 
gulux  room  of  20  feet  long  and'  16  feet  wide. 


22  X  -7854  =  3-1416  =  area  of  the  quadrant  C  D  A  F. 
2x2-;-2  =  2  =  area  of  the  triangle  C  D  F.;  theu  31416 
—  2  =  1'1416  =  area  of  the  segment  D  A  F.  Now, 
2X2  =  4  =  area  of  the  rectangle  C  D  E  F;  then  4  — 
.3-1416  =  -8584  =  area  of  the  section  D  E  F  A  D. 
^  (2-^  +  2'0  =  V  ^  =  2-8284271.  2  X  16  -f-  2  X  20  = 
12  =  tlie  <jompas8  within  the  walls.  |  (2-8284271  —  2) 
= -4142136  =  ES  and  28284271: -4142136  ::  2:  -2928032 
=  Ky:  lience  72  =  (-2928932  X  8  =  696568544  =  the 
circuinfereuce  of  the  middle  of  the  solid  ])iu-t  of  the  saloon; 
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therefore  69  C568544   X    8584  =  59-79344381696  =  the 
coutent  of  the  solid  part  of  the  saloon. 

20  X  16  =  320  the  area  of  the  room  floor,  and  320  x  3 
=  640  =  the  solidity  of  the  upper  part  of  the  room;  then 
(•.40  —  59-79344  =  580.20656  feet,  the  solidity  of  th« 
^aloon. 

9.  If  the  height  D  E  of  the  saloon  be  3  2  feet,  the  chord 
D  F  =  4-5  feet,  and  it«  versed  sine  =  9  inches;  what  is  the 
>olid  coo  tent  of  the  solid  part,  the  mean  compass  being  50 
I'eet. 

Ans.  138-26489  feet. 


PROBLEM  YI. 
To  find  tht  superficies  of  a  saloon. 

RcLK.  Find  it«  breadth  by  applying  a  string  close  to  it 
atruM*  the  surface;  find  also  its  length  by  measuriiig  along 
the  middle  of  it,  quite  round  the  room;  then  multiply  these 
two  diuit-ii^iuijs  loj/ether  for  the  superhcial  content. 

1.  The  jriri  atrosj?  the  f^ce  of  the  saloon  is  5  feet,  and  its 
mc;iii  cuuipuijs  lOii  feit,  what  is  its  suj^erlicial  content  ? 

100  X  5  =  500,  the  answer. 

2.  The  girt  rctoj--  '  »•  of  the  saloon  is  12  feet,  and 
it  mean  compaai  9b .  :  its  surface  ? 

Ans.  1176  feet. 
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SECTION  VIIL 


SPECIFIC    GRAVITY. 


1.  The  specific  gravity  of  a  body  is  the  relation  which  the 
weight  of  a  given  magnitude  of  that  body  has  to  the  weight 
of  an  equal  magnitude  of  a  body  of  another  kind. 

In  this  sense  a  body  is  said  to  be  specifically  heavier  than 
another,  when  under  the  same  bulk  it  weighs  less  than  that 
other.  On  the  contrary,  a  body  is  said  to  be  specifically  lighter 
than  another,  when  under  the  same  bulk  it  weighs  less  than 
that  other.  Thus,  if  there  be  two  equal  splieres,  each,  one 
foot  or  one  inch  in  diameter,  the  one  of  lead  and  the  other 
of  wood,  then  since  the  leaden  sphere  is  found  to  be  heavier 
than  the  wooden  one,  it  is  said  to  be  specifically,  or  in  specie, 
heavier,  and  the  wooden  sphere  specifically  lighter. 

2.  If  two  bodies  be  equal  in  b\ilk,  their  specific  gravities 
are  to  each  other  as  their  weight,  or  as  their  densities. 

3.  If  two  bodies  be  of  the  same  specific  gravity  or  density, 
their  absolute  weights  will  be  as  their  magnitudes  or  bulks. 

4.  If  two  bodies  be  of  the  same  weight,  the  specific 
gravities  will  be  reciprocally  as  their  bulks. 

5.  The  specific  gravities  of  all  bodies  are  in  a  ratio  com- 
pounded of  the  direct  ratio  of  .their  weights,  and  the  reci- 
procal ratio  of  their  magnitude.  Hence,  again,  the  specific 
gravities  are  as  the  densities. 

6.  Tiie  absolute  weights  or  gravities  of  bodies  are  in  tlie 
compound  ratio  of  their  specific  gravities  and  magnitudes  or 
bulks. 


Si'KCIKlC 

liKAVITY.                                                I'td 

ludes  of  ■ 
as  then 

■•  directly  as  their  weights, 
-  :avities. 

I. 
&ad  1 

8.  A  body  specifically  heavier  than  a  fluid,  loses  as  mach 
'<f  its  weijfht.  uheu  iiiiiiiersed  iu  it,  as  is  equal  to  the  weight 

if  a  quantity  uf  the  tluid  of  the  same  bulk,  or  maguitude; 
if  I'le  \iodj  be  of  equal  deusity  with  the  fluid,  it  loses  all  its 
v..  :r  i.imI  requires  no  fon-e  but  the  fluid  to  sustaiu  it.  If 
<^r,  its  weight  in  the  fluid  will  be  ouly  the  difference 
U  .«vx«  iLji  owa  weight  ^nd  the  weight  of  the  same  hulk  of 
tli«*  fluid  ;  aud  therefore  it  will  require  a  force  equal  to  this 
differeuce  to  sa^taiu  it.  But  if  the  body  immersed  be  lighter 
thaa  the  fluid,  it  will  require  a  force  equal  to  the  difference 
betweea  it>;  own  weight  aud  that  of  tiie  same  bulk  of  the 
fliiid,  to  keep  it  from  rising  iu  the  fluid. 

9.  lo  comparing  the  weight*?  of  bodies,  it  is  necessary  to 
eooader  tioue  one  an  the  litaudard  with  wliicii  all  other  bodies 
nay  be  compared.  Kain  water  iK  generally  taken  us  the 
lUJuUrd,  it  being  found  to  be  nearly  alike  iu  all  places. 

A  cubic  foot  of  rain  water  is  found,  by  repeated  experi- 

Bteuu,  to  vv       '      :'•  '  '        .or  1000  ounces,  aud 

a  cubic  f>y  !ie«,  it  follows  that  a 

'■  .  :i  ul  li  jKiund.  Therefore  if  the 

^  .e  multiplied  by   0:}61(>89SU8, 

:t  of  a  cubic  inch  uf  that  body 

if  this  weight  l>e  multiplied  by 

ii-'.  I  be  divided  by  144,  the  quotient  will 

'>*•   I'.  ^  cubic  inch  iu  pounds  troy,  144  pounds 

avoirdupoia  ijciug  exactly  equal  to  175  pounds  troy. 

10.  Siuc«  the  ftpecific  gravities  of  bodies  are  as  their  abso- 

!.,».>  „,...,  ii...  .,,  .1...  .1.,.  ..,..,.  fjuiij.  the  8i>ecific  gravity  of  a 

avity  of  any  lx)dy  immersed  in 
1  ,  ..-  .:i.-  |jiii  wi  tiir  vicigiii  idst  by  the  solid  is  to  the  whole 
w.-isrht.  Hence  the  specitic  graviti«^«  of  different  fluids  are 
*jk  the  weigiit^  lutit  by  the  same  solid  immen>ed  iu  them. 
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PROBLEM  I. 

To  find  the  specific  gravity  of  a  body. 

Case  I.    When  the  body  is  heavier  than  loater. 

Weigh  the  body  first  in  water,  and  afterwards  in  the  open 
air;  the  difference  will  give  the  weight  lost  in  water;  then 
say,  as  the  weight  lost  in  water  is  to  the  absolute  weight  of 
the  body,  so  is  the  speciiic  gravity  of  water  to  the  specific 
gravity  of  the  body. 

Case  II.    When  tJie  body  is  lighter  than  the  water. 

Fix  another  body  to  it,  so  heavy  as  that  both  may  sink  in 
water  together,  as  a  compound  mass.  Weigh  the  compound 
mass  and  the  heavier  body  separately,  both  in  the  water  and 
open  air,  and  find  how  much  each' loses  in  water,  by  taking 
its  weigiit  in  water  from  its  weight  in  the  open  air.  Then 
say,  as  the  difference  of  these  remainders  is  to  the  weight  of 
the  lighter  body  in  air,  so  is  the  specific  gravity  of  water  to 
the  specific  gravity  of  the  lighter  body. 

Case  III.  For  a  fluid  of  any  kind. 

Weigh  a  body  of  known  specific  gravity  both  in  the  fluid 
and  open  air,  and  find  the  loss  of  weight  by  subtracting  the 
weight  in  water  from  the  weight  out  of  it.  Then  say,  as 
the  whole,  or  absolute  weight  is  to  the  loss  of  weight,  so 
is  the  specific  gravity  of  the  solid  to  the  specific  gravity  of 
the  fluid. 

The  usual  way  of  finding  the  specific  gravities  of  bodies 
is  the  following,  viz  : — 

On  the  arm  of  a  balance  suspend  a  globe  of  lead  by  a  fine 
thread,  and  to  the  other  arm  of  the  balance  fasten  an  equal 
weight  sufiicient  to  balance  it  in  the  open  air  ;  immerse  the 
gh)l)e  into  the  fluid,  and  observe  what  weight  balances  it 
then,  by  which  the  lost  weight  is  ascertained,  which  is  pro- 
portioual  to  tbo  specific  gravity. 
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1  0  the   grlolie   snccessively  in  all  the  fluids  whose 

1    MM,  t!c   gravity    you    require,    obsorviug    the 

;  tliea  these  weiglits  lo&t  in  each  will  be 

i..^  |..  |,u.Li^i>o  v.  ibe  fluidii  sought. 

Examples. — Case  I. 

1  A  peo<»  of  platina  weighed  831886  pounds  out  of 
.  only  7d'571T  pouuds;  what  is  its  spe- 
:  waU-r  lieiiig  1000  ? 

.17  =  3  6160  pounds,  which  is  the  weight 
i  1  3-6169  :  83  1S86  ::  1000  :  23000  the 

.«■;  i-raviiy,  or  the  weight  of  a  cubic  foot  of  metal  in 

2.  A  piece  of  stone  weijrhed  10  lbs.  in  the  open  air,  but 
iu  water  only  6|  lb«.;  what  is  iia  specific  gravity? 

Ans.  3077. 
EnimpUs. —  Case  II. 

3.  If  a  piece  of  elm  weigh  15  lbs.  in  the  open  air,  and 
•  a  piece  of  copper,  which  weighs  1 8  lbs.  in  open  air,  and 
1'.  .ui.  iu  water,  is  affixed  to  it,  and  that  the  compound 
weighs  6  lbs.  iu  water;  required  the  specific  gravity  of  the  elm  1 

C*p|>cr  Compound. 

18  in  air.  33 

16  iu  water.  6 

S  loss.  27 

S 


As25:15  ::1000  :  600,  the 
^jecl*  -  ••     .  !iu. 

4  ;.'hs  20  lbs.  in  open  air,  and  a  piece  of 

graii  i  lu  it,  which  weighs  120  lbs.  in  air,  and 

oaiy  r,  the  compound  mass  weighs  16|  lbs.  in 

water;  required  liie  specific  gravity  of  the  cork  ?  Ans.  240. 

ExavtfUs. —  Case  III. 

5.  A  pieee  of  east  iron  weighed  259' 1  ounces  in  a  fluid,  and 
2dS  1  ounces  oat  of  it;  required  the  8{>ecific  gravity  of  the 
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fluid,  allowing  the  specitic  gravity  of  the  cast-iron  to  be 
7045. 

298-1  —  259-1  =  39,  loss  of  weight  in  the  iron;  then 
•298-1  :  39  ::  7645  :  1000,  the  specitic  gravity  of  the  fluid; 
,^;io\viiig  tlie  fluid  to  be  water.* 

0.  A  piece  of  lignum  vita3  weighed  42|  ounces  in  a  fluid, 
a«d  166|-  out  of  it;  what  is  the  speciflc  gravity  of  the 
fluid,  that  of  the  lignum  vitae  being  133o  ? 

Ans.  991  is  the  specific  gravity  of  the  fluid,  which  shows 
it  to  be  liquid  turpentine  or  Burgundy  wine. 


TABLE  OF  SPECIFIC  GRAVITIES. 


Spec.  Grav. 

wt.  cub.  in. 

Platina              ....            19500     . 

oz. 
11285 

Do.  hammered 

2033(5 

11  777 

Cast  zinc 

7190    . 

41(J1 

Cast  iron 

7-2{)7    . 

4- 165 

Cast  tin 

7291     . 

4219 

Bar  iron 

7788    . 

4-507 

Hard  steel 

78)6    . 

45-23 

Cast  brass 

8395     . 

4  858 

Cast  copper 

8788    . 

5-085 

Purxj  cast,  silver 

10474     . 

6061 

Cast  lead 

11352    . 

6-569 

Mercury 

135«8    . 

7-872 

Pure  cast  gold 

19258 

11145 

Amber 

1078    . 

wt.  cub.  ft. 

Brick     . 

2(HX)    . 

.     125  00 

Sulphur 

2033     . 

127  06 

Cast  uichel 

7807    . 

4513 

Caxt  cobalt 

7811     . 

4520 

Paving  stones  . 

241(»     . 

.     151  00. 

Couitnoii  stone 

2520     . 

157  50 

Flint,  anil  spar 

2594     . 

162  12 

(rrnoil  glass 

2f)12 

"White  glass 

2S92 

Pebble 

26(J4    . 

.     166-50 

'  In  this  mantior  may  the  species  of  a  fluid  or  a  solid  be  aicertoiried,  by  nipans 
of  it<  Kpucilic  i;rHvity,  and  the  al)ove  table.  This  table  haii  beou  taken  from 
Ure|{ury's  work  for  iiracticul  men. 
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Ill 


Spec.  Gnr. 

wt.  cub.  fl. 

\hs. 
.     167  00 

FIftte 

3b72    . 

Pe«H  . 

2«.^J 

Aliilut«t«r 

'.'7'  1 

M  ..1.  - 

27  U 

171  38 

27-  ' 

174(10 

ol7  < 

l!lobd 

W7 

JM5 

»»9 

..  jlX 

1  l-.»i 

:  »a  ux   . 

lt>.")9 
1>22 

■.he  Mfth'<  nrCM>« 

li 

i.tuuiii  torpaoUaa 

»9» 

OUvcoQ 

915 

BttrguBdj  wine 

fHU 

I>  >-!!!rd  wU«r 

1  (M) 

>. ::  water 

1  >i2S 

1  i);'^t 

I 

2W    . 

15  00 

I''  ;  ,..r 

a-vi   . 

.     2:{9^1 

l-i.'r,-h 

W4    . 

34  (W 

Kim  ind  Wect  IndiA  fir 

STjG     . 

»475 

MabogaoT 

5«ii)     . 

as  00 

r-i.r 

bini    . 

Jn  25 

I'itch  l>tD« 
Pear  Trt* 

I>l^l 

41  25 

1    1 

41  31 

•  WaliiUt 

1 ',  1 

41  94 

Kiarr  irae 

1     , 

43  44 

Becrb     . 

.  ■. 

43.50 

Cbrrnr  tree 
Mattel  m4  Riga  &r 

',  i  / 

4J  (M 

':,i\ 

4<i  ><r 

A»h  sad  Dkattio  oak  . 

Tt'i 

47  oO 

Aiii^tre* 

VM     . 

4«t5« 

hiM)    . 

bo  (N) 

aoadiftn 

K72     . 

54  .V) 

r      ■     .•:.-!..h 

912     . 

67  (JO 

1-    .  .        i 

913     . 

57  (X) 

»        r       ;    '  i  .    • . 

97(1     . 

fil  S7 

1  ■       1..  ,'  .  .  .   i 

117H 

7  :  1  .' 

>   K 

i:«l 

1  ~ 

i         -■•.'• 

laa:^   . 

t^.a 
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PROBLEM  II, 

Tlie  specific  gravity  of  a  body,  and  its  weight  being  given,  to 
find  its  solidity. 

Rule.  Say,  as  the  tabular  specific  gravity  of  the  body  is 
to  its  weight,  ia  ounces  avoirdupois,  so  is  1  cubic  foot  to  the 
content. 

1.  What  is  the  solidity  of  a  block  of  marble  that  weighs 
10  tons,  its  specific  gravity  being  2142? 

First,  10  tons  =  200  hundreds  =  22400  pounds  =  358400 
ounces  :  then 

2T42  :  358400  ::  1 
1 


2142)358400(130/3\V 

2142 


8420 
8226 

1940 

^2742^'^^* 

2.  How  many  cubic  inches  in  an  irregular  block  of 
marble  which  weighs  112  pounds,  allowing  its  specific 
gravity  to  be  2520  ?  Am.  1228|f  i^  cubic  inches. 

3.  How  many  cubic  inches  of  gunpowder  are  there  in  1 
pound  weight,  its  specific  gravity  being  1145  ? 

Ans.  15f  nearly. 

4.  How  many  cubic  feet  are  there  in  a  ton  weight  of  dry 
oak,  its  specific  gravity  being  925  ?  Ans.  38|f  f . 

PROBLEM  III. 

T/ie  linear  dimensions,  or  magnitude  of  a  body,  being  given^ 
and  also  its  specific  gravity,  to  firul  its  weight. 
Rule.  One  cubic  foot  is  to  the  solidity  of  the  body,  as 
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V  gravity  of  the  body  is  to  the  weight  in 

U.   .    -    -   -. 

1.  WIlut  IS  iiie  weight  of  a  piece  of  dry  oak,  in  the  form 
of  M  j)araiieU>|Mp<.*dou.  whose  length  i&  56  inches,  breadth  18 
imhf;>,  and  dt-pth  12  ? 

oG  X  IS  X  12  =  12096  cubic  inches,  the  solid  content. 
Then  1728  :  12096  :  :  932  :  6524  ounces  =  407f  pounds, 
t!it'  w.i^'lit  required. 

.'    \\  !iat  is  the  weigrht  of  a  block  of  dry  oak,  which  mea- 
'  :i:?,  3  feet  broad,  and  2^  feet  deep;  its  specific 
^  25?  yln^.  4335] i  lbs. 

;;  \\  ..:t:  is  itie  weight  of  a  block  of  marble,  whose  length 
ia  oJ  Icii,  and  its  breadth  and  thickness,  each  12  feet? 

Arts.  '694^^1  tons. 

PROBLEM  IV. 

To  find  tke  quamiilUs  of  two  ingredients  in  a  given  compound. 

Ilcut.  Take  the  difference  of  every  pair  of  the  three  spe- 
cific gravities,  viz.,  of  the  compound  and  each  ingredient;  and 
multiply  the  difference  of  every  two  by  the  third. 

Then  as  the  greater  product  is  to  the  whole  weight  of  the 
co!:!j>"'"'     "  -^  "  "h  of  the  other  products  to  the  weights  of 

t!i.-  I  * 

1.  A  .  u;jiiKj.-,iii.ii  of  1121bs.  being  made  of  tin  and  copper, 
whose  specific  gravity  is  found  t<)  be  8784  ;  what  is  the 
<j  '        '  'lit,  the  specific  gravity  of  tin  being 

I  '•? 

9000         8784 
8784         7320 


1680  216  1464  diff. 

8784  7330  9000 


14757120  1'-^  112(1  13176000.     Then 

^,^'ti^,Mn^  .    ii»..    S   i;il70000  :   100  lbs.  copper. 
14.57120:   112  ::   ^     15«1120  :     12 lbs.  tin 

•   r  .-.'••-;:  :'f  !).!«  r<j|p  ««-<•  Ailigttioa  Total  ia  tk«  Mcoiui  book  ul  Aruu- 

,^L..t:.t   ;    L;    iiit   I  u„lUn»»ioi.cl.. 
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2.  Hiero,  king  of  Sicily,  furnished  a  goldsmith  with  a 
quantity  of  gold,  to  make  a  crown.  When  it  came  home, 
he  suspected  that  the  goldsmith  had  used  a  greater  quantity 
of  silver  than  was  necessary  in  the  composition;  and  applied 
to  the  famous  mathematician,  Archimedes,  a  Syracusian,  to 
discover  the  fraud,  without  defacing  the  crown. 

To  ascertain  the  quantity  of  gold  and  silver  in  the  crown, 
he  procured  a  mass  of  gold  and  another  of  silver,  each  ex- 
actly of  the  same  weight  with  the  crown;  justly  considering 
that  if  the  crown  were  of  pure  gold,  it  would  be  of  equal 
bulk,  and  therefore  displace  an  equal  quantity  of  water  with 
the  golden  mass;  and  if  of  silver,  it  would  be  of  equal  bulk, 
and  displace  aii  equal  quantity  of  water  with  the  silver  mass; 
but  if  of  a  mixture  of  the  two,  it  would  displace  an  inter- 
mediate quantity  of  water. 

Now  suppose  that  each  of  the  three  weighed  100  ounces; 
and  that  on  immersing  them  severally  in  water,  there  were 
displaced  5  ounces  of  water  by  the  golden  mass,  9  ounces  by 
the  silver  mass,  and  6  ounces  by  tlie  crown;  what  quantity 
of  gold  and  silver  did  the  crown  contain  ? 


.        ^75  ounces  of  gold. 
\  25  ounces  of  silver. 


Note.  Questions  relatinff  to  specific  gravities  may  be  wrought  by  the  rules  of 
Alliji;Htion  in  Aritiimetic,  an  well  as  by  any  Algebraic  process  that  might  be  em- 
ployed. 


PROBLEM  Y. 

To  find  hoio  many  inches  a  floating  body  will  sink  in  afltdd. 

Rule.  Find,  by  Problem  III.  the  weight  of  the  floating 
body  from  its  solidity  and  specific  gravity,  and  that  will  be 
the  weight  of  the  fluid  which  it  will  displace. 

Then  say,  as  the  specific  gravity  of  the  fluid  is  to  1128 
cubic  inches,  so  is  the  weight  of  the  body,  in  ounces,  to  the 
cubic  inches  immersed.  The  depth  will  be  found  from  the 
given  dimensions. 
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1.  Suppose  a  piece  of  drj  oak,  in  the  form  of  a  parallelo- 
pipedou,  whose  leufrth  is  56  inches,  breadth  IS,  and  depth 
12.  18  to  be  flouted  upon  comiuoD  smooth  water,  on  its 
I        '  ^y   many  inches  will  it   sink,   its   speciflc 


By  Problem  III.,  the  weight  of  the  piece  of  oak  is  6524 
ounces,  which,  by  the  preliminary  part  of  this  section,  is  the 
weigiil  of  the  water  displaced. 

Then  1000  :  1728  ::  6524  :  11273-472  cubic  inches  of  oak 

i -     !       Therefore.  11273-472  -r  (56  X  18)  X  11184 

depth  it  will  sink. 

To  find  how  far  it  will  sink,  allowing  it  to  float  on  its 
narrower  side,  11273  472  H-  (56  X  12)  =  16776  inches. 

2.  How  many  inches  will  a  cubic  foot  of  dry  oak  sink  in 
commou  water,  allowing  the  specific  gravity  of  the  oak  tu  be 
i^TO  r  Ans.   11  64. 


PROBLEM  VI. 

To  find  vhat  weigJU  may  be  to  a  Jloating  hody^  so 

Umt  it  may  he  just  ci'  'i  a  given  JtuuJ. 

Rri-E.  Moltiply  the  cubic  feet  in  the  body  by  the  differ- 
^nt•.-  1.  t'.Mrtj  ,•  gravity  and  that  of  the  fluid,  and 

til-    j.foiiu-  I  w  ••  weight  in  ounces  avoirduix)is,  just 

sufljcieot  to  imtuenit;  it  in  the  fluid. 

I  lied  to  a  piece  of  dry  oak, 

;'••  ..lid  12  iiiclies  deep,  to  keep 

AiuTK  of  a  fn'sli- water  laki*;  tiie 
:    being  1000,  and   tliat   of  the 

.IV   ^.v.    ^,    i       ,-.,     .  2    =    12096  cubic  lin  I1V.1. 

Then  12096  —  1728  =  7  feet. 
1  M-ii  .  1000  —  tt32)  X  7  =  68  X  7  =  476  ounces  =  29 
]>ouiids  12  ounc«fi. 
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2.  What  weight,  fixed  to  a  piece  of  dry  oak,  9  inches 
long,  6  inches  broad,  and  3  inches  deep,  will  keep  it 
from  rising  above  the  surface  of  common  water,  the  specific 
gravity  of  water  being  1000,  and  that  of  the  oak  9*10  ? 

A71S.  2\^  ounces. 

3.  A  sailor  had  half  an  anker  of  brandy,  the  specific  gra- 
vity of  the  liquor  was  921,  the  cask  was  oak,  and  contained 
216  cubic  inches,  and  its  specific  gravity  was  932;  to  secure 
his  prize  from  the  custom-house  officers,  he  fixed  just  as 
much  lead  to  the  cask  as  would  keep  it  under  water,  and 
then  threw  it  into  the  sea;  what  weight  of  lead  was  neces- 
sary for  his  purpose  ? 

Ans.  The  cask  of  brandy  contained  1311  cubic  inches, 
the  weight  of  sea-water  of  an  equal  bulk  was  8 17 '20486 
ounces,  the  cask  weighed  116'5  ounces,  the  brandy 
619-60931:5,  both  together  weighed  136.19315  ounces. 
The  difference  between  the  specific  gravity  of  lead  and  sea- 
water  is  to  this  remainder,  as  the  specific  gravity  of  lead  to 
its  weight  in  ounces,  which  will  be  found  to  be  8909495 
ounces,  or  5  pounds  9  ounces. 

PROBLEM  YII. 

To  find  the  solidity  of  a  body,  lighter  than  a  fluid,  which 
will  be  sufficient  to  prevc7U  a  body  much  heavier  than  the 
fluid^from  sinking. 

Rule.  Find  the  solidity  of  the  body  to  be  floated;  from 
its  weight  and  specific  gravity,  by  Problem  II.  Find  also 
the  weight  of  an  equal  bulk  of  the  fluid  by  Problem  III. 
Then  say,  as  the  difierence  between  the  specific  gravity  of 
the  fluid,  and  that  of  the  body  lighter  than  the  fluid,  is  to 
the  difierence  between  the  weight  of  the  body  to  be  floated 
and  the  wciglit  of  an  equal  bulk  of  the  fluid,  so  is  1128  to 
the  solidity  of  the  lighter  body  in  cubic  inches. 

].  How  many  solid  feet  of  yellow  fir,  whose  specific  gravity 
is  651,  will  be  sufficient  to  keep  a  brass  cannon,  weighing  56 
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vvi  ,  v.wr.ii  at  sea,  the  specific  gravity  of  brass  being  8396, 

aod  of  sea  water  1030? 

First,  56  cwt.  =  100352  ounces,  weight  of  the  body  to  be 

float^nl, 

Then,  8396  :  100352  ::  1728  :  20653.675  cubic  inches  iu 

the  cauuou. 

And,  1728  :  20653-675  ::  1030  :  12310  9289,  the  weight  of 

seft-water  ei]ual  in  bulk  to  that  of  the  cannon. 

Hcnre.   1030  —  e^l  :   100352  —  123109289    ::    1728  : 

4  =  23C03G  feet,  the  answer. 

...  of  lead  is  11325,  of  cork  240,  and 
now  it  is  required  to  know  how  many 

. ......   ,...  ...     ...  .v.. .»  will  be  sufficient  to  keep  49|  pounds  of 

lead  alloat  at  sea?  Aius.  1570  84  cubic  inches. 


TO  FIND  THE  TONNAGE  OF  SHIPS. 

1st. VESSELS    AGROC.VO. 

By  the  Parliamentary  RuU. 


PROBLEM  VIII. 

For  a  ship  or  vessel,  the  length  is  to  be  naeasured  on  a 
gt  '  *  '  .1'  along  the  rabl>et  of  the  keel,  from  a  perpendio- 
i.  I  from  the  back   of  the  main  post,  at  the  height 

01  Hi'  !»endicular  at  the  height  of  the 

opper  deck   of  three-decked  shijw), 

from  •  ;  then  from  the  length  between 

theiie  I    three-fifths  of   the   extreme 

brea.ii  •  of  liic  stern,  and  2|  inches  for  wery 

foot  o:  •■  the  wing-iran.som  above  the  lower  part 

of  the  ru  I'l,  for  the  rake  abaft;  and  the  re- 

mainder V*.  '  Ii  of  the  keel  for  tonnage. 

Tlie  main  bn-adti.  taken  from  the  outside  of  the 

outiide  plank,  iu  the  .-.^..v.-  .,i  part  of  the  ship,  either  above 
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or  below  the  wales,  deducting  therefrom  all  that  it  exceeds 
the  thickness  of  the  plank  of  the  bottom,  which  shall  be  ac- 
counted the  main  breadth;  so  that  the  moulding  breadth,  or 
the  breadth  of  the  frame,  will  then  be  less  than  tlie  main 
breadth,  so  found,  by  double  the  thickness  of  the  plank  of 
the  bottom. 

Then  multiply  the  length  of  the  keel  for  tonnage  by  the 
main  breadth,  so  taken,  and  the  product  by  half  the  breadth,- 
then  divide  the  whole  by  94,  and  the  quotient  will  give  the 
tonnage. 

In  cutters  and  brigs,  where  the  rake  of  the  stern-post  ex- 
ceeds 21  inches  to  every  foot  in  height,  the  actual  rake  is 
generally  subtracted  instead  of  the  2i  inches  to  every  foot, 
as  before  mentioned. 

1.  Let  us  suppose  the  length  from  the  fore-part  of  the 
stern,  at  tlie  height  of  the  upper  deck,  to  the  after-part  of 
the  stern-post,  at  the  height  of  the  wing-transom,  to  be  155 
feet  8  inches,  the  breadth  from  out  to  outside  40  feet  6 
inches,  and  the  height  of  the  wing-transom  21  feet  10 
inches,  what  is  the  tonnage  ? 

ft. 

40-6  breadth, 
deduct  3 

40-3 
3 


5)120-9 


241f  =  24-15 

21-10  height  of  wing-transom, 
2^      multiply. 


12)54^2 

4-55  -1-  24-15  =  28-70 
155-('.6  —  28-70  =  120.96  =  length. 

12G-96  X  40-25  +  20125       ^^,^.   ^, 

— ! =  1094,  the  answer. 

94 
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2.  Suppose  the  length  of  the  "keel  to  be  50.5  feet,  breadth 
of  the  luidsbip-beam  20  feet;  required  the  touuage  ? 

Ans.  lOT-4. 

3.  If  the  length  of  the  keel  be  100  feet,  and  the  breadth 
of  the  beam  30  feet;  what  is  the  tonnage  ?        Ans.  478. 

2nd. — YKSSELS   AFLOAT. 

jy^^..  "  ■  'vvib-liiie  over  the  stern  of  the  ship,  and  mea- 
sure »e  between  such  line  and  tlie  after-part  of  the 
htvrii-p.M,  ui  the  load  water-mark:  in  a  parallel  direction 
wi'.ii  the  wat**r,  to  a  perpendicular  point  immediately  over 
t  •   '1  .  ,1- :-mark,  at  the  fore-part  of  the  maiu-stern,  sub- 
-■    .  :         :      u  Hueh   measurement  the  above  distance,  the 
I   ..  '       extreme  length;  from  which  is 
t  i-r  every  foot  of  the  load  draujrht 
t    A^ur  for  liie  rake  abufi,  and  also  three-fifths  of  the  ship's 
'  :    .  iih    for    the    rake    forward,   the   remainder   shall    be 
•!i  of  the  keel  to  find  the  tonnage; 
Mf  taken  from  outside  to  outside  of 
in  the  broadest  part  of  the  ship,  either  above  or 
main-wales,  exclosive  of  all  manner  of  sheathing 
ig  that  may  be  wrought  upon  the  sides  of  the 
rnultii.lv  tli/»  length  of  the  keel,  taken  as  l^efore 
.,  as  Ijefore  taught,  and  that  product 
...  i.....  ..,..    ...^  .j.^ciiii,  and  dividing  the  product  by  94, 

the  quotient  is  the  tonnage. 

3rd. — BTKAM  VESSELS. 

The  length  diell  be  t&ken  on  a  straight  line,  along  the 
rabbet  of  the  keel,  from  the  back  of  the  main-stern  post  to 
a   J/-  ir  line  from  the  fore-part  of  the  main-stem 

mwic;  ...o  — A  sprit;  from  which  deducting  the  length  of 
the  engiM-room,  and  subtracting  three-fifths  of  the  breadth, 
the  remainder  shall  be  esteemed  the  just  length  of  the  keel 
to  find  the  tonnage;  and  the  breadth  shall  be  taken  from 
the  ouLKide  of  the  outside  plank  in  the  broadest  place  of 
the  ship  or  Tesael,  be  it  either  above  or  below  the  main- 
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wales,  exclusively  of  all  manner  of  doubling  planks  that 
may  be  wrought  upon  the  sides  of  the  ship  or  vessel;  then 
multiply  the  length  and  breadth  so  found  together,  and 
that  product  by  half  the  same  breadth,  and  dividing  by 
94,  the  quotient  will  be  the  tonnage,  according  to  which 
all  such  vessels  shall  be  measured. 

Note.  Under  certain   penalties   nothing   but  the   fuel  can  be  stowed  in  the 
engine-room. 

f 

Some  divide  the  last  product  by  100,  to  find  the  tonnage 
of  king's  ships,  and  by  95,  to  find  that  of  merchant's  ships. 

FLOATING    BODIES. 

1.  The  buoyancy  of  casks,  or  the  load  which  they  will 
cai'ry,  without  sinking,  may  be  estimated  by  reckoning  lOlbs. 
avoirdupois  to  the  ale  gallon,  or  Sjlbs.  to  the  wine  gallon. 

2.  The  buoyancy  of  pantoons  may  be  estimated  at  about 
half  a  hundred  weight,  or561bs.  for  each  cubic  foot.  There- 
fore a  pan  toon  which  contained  96  cubic  feet,  would  sus- 
tain 48  hundred  weight  before  it  could  sink. 

N.B. — This  is  an  approximation,  in  which  the  difference  between  -A-  and  \ 
viz.,  2*2  of  the  whole  weight  is  allowed  for  that  of  the  panloon  itself. 

3.  The  principles  of  buoyancy  are  very  ingeniously 
applied  in  the  self-acting  flood-gate,  which,  in  the  case  of 
common  sluices  to  a  mill-dam  prevents  inundation  when 
a  sudden  flood  occurs.  By  means  of  the  same  principle 
it  is  that  a  hollow  ball  attaclied  to  a  metallic  lever  of  about 
a  foot  long,  is  made  to  rise  with  the  liquid  in  a  water-cask, 
and  thus  to  close  the  cock  and  stop  the  supply  from  the 
pipe,  just  before  the  time  when  the  water  would  otherwise 
run  over  the  top  of  the  vessel. 

The  property  of  buoyancy  has  also  been  successfully  era- 
ployed  in  raising  ships  which  had  sunk  under  water,  and  in 
pulling  up  old  piles  in  a  river  when  the  tide  ebbs  and  flows. 
A  large  barge  is  brought  over  as  i)ile  a  the  water  begins  to 
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rise ;  a  strong  chain  which  has  beeli  previously  fixed  to  the 
pile  bj  a  rinj;,  Ac,  is  made  to  jrird  the  barge,  aud  is  then 
firmly  fasteued  :  then,  as  the  tith'  rises,  the  barge  rises  also, 
aud  by  meaus  of  it^  buoyant  force  draws  up  the  pile  with  it. 

In  a  case  which  actually  occurred,  a  barge  of  50  feet  long, 
12  feetrwide,  6  deep,  and  drawing  two  feet  water  was  em- 
ployed.    Then  50  X   12  X  (6—2)  X  4  =^0_><J^_Xjj? 

=  193  X  74  =  1344  +  274  =13714  cwt.  =  664  tons. 
Dearly,  which  is  the  measure  of  the  force  with  which  the 
barge  acted  in  pulling  up  the  pile. 
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SECTION  IX. 


WEIGHT  AND   DIMENSIONS  OF  BALLS  AND 
SHELLS. 


The  foregoing  problems  furnish  rules  for  finding  the 
weight  and  dimensions  of  balls  and  shells.  But  they  may 
be  ibnnd  much  ear,ier  by  means  of  the  experimental  weight 
of  a  ball  of  a  given  size,  and  from  the  well-known  geome- 
trical property,  that  similar  solids  are  as  the  cubes  of  their 
diameters. 

PROBLEM  I. 

To  firul  the  weight  of  an  iron  hall  from  Us  diamder. 

Rule.  Nine  times  the  cube  of  the  diameter  being  divided 
by  04,  will  express  the  required  weight  in  pounds.* 

1.  The  diameter  of  an  iron  shot  is  5  inches;  required  its 
weight  ? 

5  X  5  X  5  =  1 25  =  cube  of  the  ball's  diameter. 
Then  125  X  9  -f-  64  =  1  If  Jibs.,  the  answer. 

2.  The  diameter  of  an  iron  shot  being  3  inches;  required 
its  weight?  Ans.  3'81bs. 

3.  The  diameter  of  au  iron  shot  is  5*54  inches;  what  is 
its  weight  ?  Ans.  24lbs. 


'  See  Appendix,  Demonstration  113. 
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PROBLEM  II. 

To  Jiud  the  wagkt  of  a  leaden  ball,  by  having  Us  diameter 
gictn. 

R  '  ■  'ht'  cube  of  it«  diameter  by  2,  and  divide 

the  I  1  id   the  quotieut  will  give  the  weight  in 

pouuiis.* 

1.  WhaL  I,  iiiv  "^  _iit  of  a  leadeu  ball  of  5  inches  dia- 
meter i 

5x5x5=1 25  cube  of  ball's  diameter. 
Then,  125  X  2  -;-  9  =  250  -f-  9  =  27J  lbs.,  answer. 

2.  What  is  the  weight  of  a  leaden  ball  whose  diameter 
is  06  inches  ?  Ans.  63888  lbs. 

8.  What  is  the  weight  of  a. leadeu  bull,  who.se  diameter 
i>    .  .'•  1!;  !ics?  Ans.  953  lbs. 

4  \\  iiat  is  the  weiL'lit  of  a  lemlcii  ball,  whosc  diameter 
hi  6  iuches  ?  Am.  48  lbs. 


I»ROBLEM  III. 

Having  tke   irei^rj   nj   an   lr,-ii   lull,  to  ddenii./i   t'^  '/i'ti/ider. 

1'  '  lit  by   7^,  then  take  the  cube 

r>-»iji  _  aiumeter.f 

1.  What  iji  the  diameter  of  au  iron  ball,  whose  weight 
U  42  lbs. 

43  X  7t  =  298|. 
Then,  ^  298  =  6085  iucheu,  the  answer. 

2.  Required  the  diameter  of  an  iron  ball,  whoso  weight 
is  24  lbs.?  Aiu.  554  inches. 


*  See  ApfwadU.  Oeaouatratinn  114. 

t  Tki*  nu«  M  ubfiMu  irMB  froblea  I.,  being  Uie  conveiv«  UM»reof. 
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3.  What  is  the  diameter  of  an  iron  ball,  whose  weight 
is  3-8  lbs.  ?  Ans.  3  inches. 

PROBLEM  IV. 

Ilaviiig-  Ihc  umght  of  a  leaden  hall,  to  deter miTie  its  diameter. 

Rule.  Multiply  the  weight  by  9,  and  divide  the  product' 
by  2  ;  and  the  cube  root  of  the  quotient  will  express  the 
diameter.* 

1.  "What  is  the  diameter  of  a  leaden  ball,  whose  weight 
is  64  lbs.  ? 

64  X  9  =  5t6. 
Then,  576  -r-  2  =  288. 

Hence,  ^  288  =  6'6  inches,  the  answer. 

2.  Required  the  diameter  of  a  leaden  ball,  whose  weight 
is  21^  lbs.  ?  Ans.  5  inches. 

3.  What  is  the  diameter  of  a  leaden  ball,  whose  weight 
is  63-888  lbs.  ?  Ans.  6-6  inches. 

PROBLEM  y. 

Having  given  the,  external  and  internal  diameter  of  an  iron 
shdl,  to  find  its  weight. 

Rule.  Find  the  difference  between  the  cubes  of  the  two 
diameters,  and  multiply  it  by  9  ;  divide  the  product  by  64, 
and  the  quotient  will  express  the  weight  in  pounds. f 

1.  What  is  the  weight  of  an  18-inch  iron  bomb-shell, 
whose  mean  thickness  is  \\  inches  ? 

18  —  21  =  151  =  internal  diameter. 

Then,  18^  =  5832  the  cube  of  external  diameter. 

(15.5)'  =  3723*875  the  cube  of  internal  diameter. 

And,  5832  —  3723-875  =  2108-125  =  difference  of  cubes. 

Hence,  2108-125  x  9  -7-  64  =  29645  lbs.,  the  answer. 

♦  This  nilo  is  manifest  from  Problem  III.,  being  its  converse, 
t  See  Ajiiieudix,  Ucmunstiatiuu  l\b. 
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2.  What  is  the  weight  of  a  9-inch  iron  bomb-shell,  whose 
mean  Uiickiiess  Is  IJ  inch.  Aiis.  721-4  lbs. 

3.  What  is  the  weight  of  an  iron  bomb-shell,  whose  ex- 
ternal diameter  is  9*8  inches,  and  internal  diameter  7 
inches  ?  ^'«-  «^i  ^^■ 

PROBLEM  VI. 

To  find  kmo  much  poteder  tcillJiU  a  shell  of  given  dimensions. 

RcLK.  Divide  the  cube  of  the  internal  diameter  in  inches, 
by  57  3,  and  the  quotient  will  express  the  answer.* 

1.  What  quautitj  of  powder  will  fill  a  shell,  whose  inter- 
nal diameter  is  10  incheis  'i 

First,  10  X  10  X  10  =  1000  =  cube  of  diameter. 
57  3)1000(17-45  lbs.,  answer. 
573 

4270 
4011 

2590 
2293 


2980 
2865 

115,  Ac. 

Sim.    Im  Ma«  raeMrt  wtk*,  the  cub«  of  Um  4iuMl«r  u  dirided  by  M  U,  ior 
tkc  •  eijcLt  of  f«mi»t  M  |io«ais. 

2.  How  fliADj  pounds  of  gunpowder  are  required  to  fill  c 
hollow  shell,  whose  internal  diameter  is  13  inches  ? 

Ans.  37  lbs.,  according  to  the  note. 

3.  Required  the  number  of  pounds  of  powder  that  will  fill 
a  shell,  whose  internal  diameter  is  7  inches  ? 

Am.  6  lbs.  by  the  rule  in  the  text 

*Soe  Ai'^taduL,  OeaMwtratioB  lift. 
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PROBLEM  VII. 

To  find  how  much  prrwder  will  fill  a  ■rfdangular  hox  of  given 
dviiLensiunx 

Rule.  Multiply  the  length,  breadth,  and  depth  togethe^^ 
in  inclies,  and  the  last  result  by  '0322,  and  the  last  product 
will  give  the  weight  in  pounds.* 

1.  How  many  pounds  of  powder  will  fill  a  rectangular 
box,  whose  length  is  16  inches,  breadth  12  inches,  and  depth 
6  inches  ? 

16  X  12  X  6  =  1152  =  content  of  the  box. 
Then,  1152  X  -0322  =  3T0944,  the  answer. 

2.  How  many  pounds  of  powder  will  fill  a  rectangular 
box,  whose  length  is  10  inches,  breadth  5  inches,  and  depth 
2  inches  ?  Ans.  322  lbs. 

3.  How  many  pounds  of  powder  will  fill  a  rectangular 
box,  whose  length  is  5  inches,  breadth  2  inches,  and  depth 
10  inches  ?  Ans.  322  lbs. 

PROBLEM  YIII. 

Having  the  length  and  diameter  of  a  cylinder,  to  determine  Jtow 
viany  pounds  of  gunpowder  will  fill  it. 

Rule.  Multiply  the  square  of  the  diameter  by  the  length, 
and  divide  the  product  by  40,  for  the  weight  in  pounds. f 

1.  The  diameter  of  a  hollow  cylinder  is  10  inches,  and  tiie 
length  14  inches  ;  how  many  pounds  will  it  hold  ? 
10  X  10  =  100  =  square  of  diameter. 
Tlien,   100  X  14  =  1400. 
Hence,  1400  -^  40  =  35  lbs.,  the  answer. 


•  Soo  Appendix.  DeinonstrHtion  117. 
t  tiuo  Ap|icndix,  Ucmonsti'utiou  lid. 
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2.  'I  'er  of  a  '  ••  Ls  />  inches,  aud  its 
length  T              ;  how  mil  i  it  hold  ? 

Ans.  25  lbs. 

3.  The  diameter  of  a  1  '   is  5  inches,  and  the 
length  12  inches:  how  uia  1  it  hold  ? 


Am.  7  "5  lbs. 


PROBLEM  IX. 


To  Jiiut  what  portion  of  a  cylinder  will  he  occupud  by  a 
giftm  quantity  of  powder,  tht  diameter  of  the  cylinder 
btiug  given. 

Ri'LB.  Moltiplj  the  given  weight  of  powder  by  40,  and 
divide  the  product  by  the  Mjuare  of  tlie  diameter  of  the 
cjUnder,  and  the  quotient  will  be  the  pounds  required.* 

1.  The  diameter  of  a  hollow  cylinder  is  10  inches;  how 
macb  of  it  will  bold  50  lbs.  of  powder  ? 

50  X  40  =  2000. 
Then,  2000  ^  100  =  20  inches,  the  answer. 

2.  How  mach  of  a  cylinder  of  14  inches  diameter,  will 
hold  10  lbs.  of  powder  ?  Ans.  2  05. 

3.  How  much  of  a  cylmder,  12  inches  in  diameter,  will 
hold  144  Ibfi.  of  powder  ?  Ans.  40  inches. 


PILING  OP  BALLS  AND  SHELLS. 

Iron-shot  and  shells  are  usually  piled  in  horizontal  courses, 
either  in  a  pyramidical  or  in  a  wedge-hke  form  ;  tlie  baue 
•  iug  eitbtr  au  equi-lateral  triangle,  a  square,  or  a  rectangle 
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Those  piles  whose  bases  are  triangles  or  squares,  terminate 
in  one  ball  at  the  top:  but  piles  whose  bases  are  rectangles 
terminate  in  a  single  row  of  balls. 

In  triangular  and  square  piles,  the  number  of  horizontal 
rows  of  courses,  is  always  equal  to  the  number  of  balls  in 
one  side  of  the  bottom  row. 

And  in  rectangular  piles,  the  number  of  rows  is  equal  to 
the  number  of  balls  in  the  breadth  of  the  bottom. 

Also  the  number  in  the  top  row  or  edge,  is  one  more 
than  the  diiference  between  the  length  and  breadth  of  the 
bottom  row. 

PROBLEM  I. 

To  find  the,  nmmher  of  halls  in  a  rectangular  pile. 

Rule.  Multiply  the  number  in  one  side  of  the  bottom 
row,  by  that  number  increased  by  1,  and  the  result  by  the 
same  number  increased  by  2;  then  the  one-sixth  of  the 
last  product  will  give  the  number  of  balls  required.* 

1.  Required  the  number  of  shot  in  a  complete  triangular 
pile,  one  of  whose  sides  contains  22  balls  ? 

22  =  the  number  in  one  side  of  base. 

23  =  the  number  +  1. 

66 
44 

506 

24  —  the  number  +  2. 


2024 
1012 

6)12144 


2024  =  the  number  of  shot  in  the  pile. 


'  See  Appendix,  Demonstration  130. 
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2.  1'  the  number  of  shot  in  a  complete  triangular 

pi!i-    I  w  hoM-  husi'  coiituius  lo  bails? 

A  US.  680  balls. 

>  in  a  triangular  pile,  each 
f.,;,  L.  s?  ^  Ans.   -iUGO. 

PROBLEM  II. 
To  find  tkt  number  of  halls  in  a  square  pile. 

Rci-B.  Multiply  continually  together  the  number  in  one 
tide  of  the  bottom  course,  that  number  increased  by  1 ,  and 
double  the  same  nnmt>er  increased  by  1 ;  then  one-sixth  of 
the  last  product  will  be  the  answer.* 

1.  llow  many  balls  are  in  a  square  pile  of  30  rows  ? 

30  =  number  in  one  side. 

31  =  number  in  one  side  +1- 

930 

61  =  twice  the  number  ia  one  side  +  1. 


6)56730 


9455  answer. 

2.  Required  the  number  of  shot  in  a  complete  square 
pile,  one  side  of  whose  base  contains  19  ?         Ans.  2470. 

3.  How  "  lished  square  pile,  when  aside 
of  the  bai^L  Ans.  3311. 

PROBLEM  IIL 

To  fimd  the  nmmher  of  shot  in  a  finished  rectangular  pile. 

RuLK.  Add  I  to  three  times  the  nnmber  of  shot  contained 
in  the  length  of  the  base,  subtract  the  number  of  shot  in  the 

*  Sm  Af^wtin,  ntmomitntiom  lil. 
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breadth  of  the  base,  multiply  the  remainder  by  the  said 
number  increased  by  1,  and  this  result  again  by  the  num- 
ber in  the  breadth;  then  one-sixth  of  the  last  result  will 
give  the  number  of  shot  in  the  rectangular  pile.* 

1.  Required  the  number  of  shot  in  a  finished  rectangular 
pile,  the  length  of  the  base  containing  59,  and  its  breadth 
containing  20  balls  ? 

59  =  the  number  of  shot  in  the  length, 
3 


m;  then  117  +  1  =  178,  and  178  —  20  =  158. 
158  X  21  =  3318,  and  3318  X  20  =  66360.      Hence 
66360  ^  6  =  11060,  the  answer. 

2.  How  many  balls  are  in  a  rectangular  complete  pile,  the 
length  of  the  bottom  course  being  46,  and  its  breadth  15  ? 

Ans.  4960. 


*      PROBLEM  IV. 

To  determine  the  number  of  balls  contained  in  a  pile  which 
is  not  finished,  the  highest  course  being  complete,  and  the 
number  of  balls  in  each  side  thereof  being  given. 

Rule.  Find  the  number  of  shot  which  would  be  con- 
tained in  the  pile  if  it  were  complete.  Find  also  the 
number  in  that  complete  pile,  each  side  of  whose  base  con- 
tains one  shot  fewer  than  the  corresponding  side  of  the 
uppermost  course  of  the  unfinished  pile,  and  the  difl\;rence 
between  these  results  will  evidently  give  the  number  of  balls 
in  the  unfinished  pile. 

1.  How  many  shot  are  there  in  an  unfinished  triangular 
pile,  a  side  of  whose  base  contains  23,  and  a  side  of  the 
uppermost  course  7  shot  ? 


See  Appendix,  Demonstration  U'2. 
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i  =  namber  of  balls  iu  the  base. 
24  =  uumber  of  balls  in  the  base  +  1. 

553 


Joiio  =  uumber  of  the  pile  when  complete. 


0 


42 

8 


C)336 


5()  namber  of  balls  in  the  imaginary  pile. 
Therefore,  2300  —  56  =  2244,  the  answer. 

2.  Row  many  balls  in  an  incomplete  square  pile,  the  side 
of  the  base  Iwin^  24,  and  of  the  top  8  ?  Ans.  4760. 

3.  How  njaiiy  l)alls  are  there  iu  the  incomj)lete  rectan- 
gular pile  uf  1 2  cuurses,  the  length  aud  breadth  of  the  base 
beiniT  40  aud  20  ?  Aris.  6146. 


DETERMINIXQ  DISTANCES  BY  SOUND. 

The  Telocity  of  soand,  or  the  space  throujirh  which  it  is 

propagated  n  time,  has  lieen  very  differently  esti- 

mat4^  by  ]  vs  who  have  written  on   this  subject. 

We  Khali,  huwever,  lake  it  to  tie  1142  feet  in  a  second. 

Pr/,...  r.......,i..,i  <y|>eriments  it  has  l>een  ascertained  that 

,!y,  or,  to  speak   more  pliilosophically, 

uii  which  excite  it  move  uniformly.     The 

1  is  the  same  with  that  of  the  atrial  waves, 

uii.i  iKK'h  uot  vary  much  whether  it  go  with  the  wind  oi 

against  it.     By  the  wiud,  no  doubt,  a  certain  (juautity  of  air 
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is  carried  from  one  place  to  another,  and  the  sound  is  some- 
what accelerated  while  its  waves  n:iove  through  that  part  of 
tlie  air,  if  their  direction  be  the  same  as  that  of  the  wind. 
But  as  the  velocity  of  sound  is  vastly  swifter  than  the  wind, 
the  acceleration  it  will  thereby  receive  is  but  inconsiderable, 
being  at  most  but  gV  of  ^^^  whole  velocity. 

The  chief  effect  perceptible  from  the  wind  is,  that  it  in- 
creases and  diminishes  the  space  through  which  sound  is 
propagated.  The  utmost  distance  at  which  sound  has  been 
heard  is  about  200  miles.  It  is  said  that  the  unassisted 
human  voice  has  been  heard  from  Old  to  New  Gibraltar,  a 
distance  of  about  12  miles.  Dr.  Derham,  placing  cannon  at 
different  distances,  and  causing  them  to  be  fired  off,  observed 
the  intervals  between  the  flash  and  report,  by  means  of  which 
he  found  the  velocity  of  sound  to  be  as  above  stated. 

1.  Having  observed  the  flash  of  a  cannon,  I  noticed  by 
my  watch  that  5  seconds  elapsed  previous  to  my  hearing 
the  report;  determine  my  distance  from  the  gun. 

1142 
5 


5710  feet,  the  answer. 

2.  Being  at  sea,  I  saw  the  flash  of  a  cannon,  and  counted 
8  seconds  between  the  flash  and  the  report;  required  the 
distance  ?  ^l«s.  1  A  "^'le. 
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SECTION   £. 


GAUGING. 

Gauv'itijr  is  the  art  of  measuring  the  capacities  of  vessels, 

^.,..i     ...   ...,-L-.-     ,  ....■     X  .. 

_'  is  generally  performed  by  means 

ui  i>*"  i:.'.i  .:i .  1,  .  ii.iiiiely,  the  gauging  or  sliding  rule, 
and  ibe  gauging  or  diagonal  rod. 

1.    UK   THE   GAUGIXG   BULK. LEADBETTER's. 

By  thin  !n«tmroent  is  computed  the  contents  of  casks,  &c., 
It'  ■  been  taken.     It  is  a  square  rule, 

L  ..c  lines  on  iti*  four  faces,  and  tliree 

h.  .e  of  being  moved  through  grooves  in 

Mki.  ^  ix-e  of  these  faces. 

On  the  first  face  are  delineated  three  linen,  namely,  two 
marked  A  M,  on  which  multiplication  -.  on  are  per- 

formed; and  the  third  marked  M  D,  malt  depth, 

and  herviii  to  guu<;e  malt.  The  middle  one  1>  is  on  the 
slider,  and  is  a  k;:.il  of  double  line,  being  marked  at  both 
tdfet  o(  the  ^1  ug  it  to  both  the  lines  A  and 

M  D.     Tiiese  i:  all  of  the  same  radius,  or  dis- 

laiii  •-  from  1  to  lo,  each  containing  twice  the  length  of  the 
ra<iiii^  \  Au,\  B  are  ounibered  and  placed  exactly  alike, 
ea*  ii  g  at  1,  which  may  be  either  1,  or  10,  100, 

i(  ,  >..    ,  •'     uOl,  &c.      Whatever  the  1  at  the  be- 

giMiiiiLT  i^  .  at,  tlie  middle  division,  10,  will  be  10 

.  the  last  diviiiion   100   times  as  much, 
^1  D  is  opposite  2220,  or  more  exactly 
i!u-  oiner    lines,  wfiich   number  2218  2  denotes* 
ii  -h  in  au  imperial  malt  bushel;  and  its  divisions 
nuu^bcrcii  retrograde  to  those  of  A  and  li.     On  these  two 
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linos  are  also  several  other  rnarlvs  :wid  letters;  thns  on  the 
line  A  and  M  B,  or  soiuetimes  only  B,  for  iniiit  bnshel,  a.t  the 
n«mi)er  2218-2,  and  A  for  ale,  at  282,  the  eubic  inehes  iu 
an  old  ale  gallon;  and  on  the  line  B,  is  W,  for  wine,  at  231, 
the  cubic  inches  in  an  old  wine  gallon. 

These  marks  are  now  usually  omitted  upon  the  rule,  since 
the  late  new  Act  of  Parliament  for  uniformity  of  weights 
and  measures,  and  G  for  gallon  is  put  at  2n'274  the  inches 
in  an  imperial  gallon,*  whether  for  ale,  wine,  or  spirits. 

On  many  sliding  rules  are  also  found  s  i,  for  square  in- 
scribed at  '707,  the  side  of  a  square  inscribed  in  a  circle, 
whose  diameter  is  1 ;  s  e,  for  square  equal  at  '886,  tlie  side 
of  a  square  wiiich  is  equal  to  tlie  same  circle;  and  c  for  cir- 
cunjference,  at  3'141C,  the  circuuiierence  of  the  same  circle. 

On  the  second  face,  or  that  opposite  the  first,  are  a  slider 
a.n(l  four  lines  marked  D,  C,  1>,  E,  at  one  end,  and  root 
square,  root  cube  at  the  other  end;  the  lines  C  and  D  con- 
taining, resi)ectively,  the  s(juares  and  cubes  of  the  oi)posite 
numbers  on  the  lines  D,  D;  the  radius  of  D  being  double  to 
that  of  A,  B,  C,  and  triple  to  that  of  E;  therefore  whatever 
the  first  1  on  D  denotes,  the  first  on  C  is  its  square,  and  the 
lirst  on  E  its  cube;  that  is,  if  I)  begin  with  1,  C  and  E  will 
begin,  with  1;  but  if  D  begin  with  iO,  C  will  begin  with  100, 
and  B  with  1000;  and  so  on. 

On  the  line  C  arc  marked  o  c  at  'OlyG,  for  the  area  of  the 


*  Until  o  CJeoigc  IV.,  in  which  a  iiniforni  Syatt^m  of  weifjlits  and  jneasures 
was  estnhiisheil  nutipr  the  denoniinatjoi)  of  rMpimiAi,  wkiohts  and  mkasiihks 
there  were,  nmoiigsl  other  sources  of  >nc«iivetiioiice,  lUH'cieiit  measures,  though 
of  the  same  name,  for  ale  nixi  wine.  A  tjallcii  of  ale  rontahied  "iSa  ciihic 
inrhe»,  and  a  ^aUnii  of  wine  331  ;  a  bushel  of  mult  contained  'JlsU'l'J  cubic 
iurlies. 

'I'o  reduce  old  meaiure  into  new,  any,  ofi  the  number  of  cubic  inches  in  the 
inii»Tial  sliuniaid  is  to  the  number  of  cubic  iiicl>es  iu  the  old  stnndnrd.  so  is  the 
iiuinbor  of  gallons  or  bushels,  &c.,  old  measure,  to  the  nunther  of  gallous,  &.C., 
inipuriHl  measure. 

VVliHii  (tr»Bt  accuracy  is  not  required,  old  wine  pallons  may  be  reduced  to 
iiTi|ii!ri'il  (jiillous  bj'  dividijicf  by  \-i\  and  the  ol<l  ale  (gallons  may  be  reiluced  to 
iin|ipiinl  itulloiis  liy  mulli|ilying  by  00,  and  diviiliuij  the  jiroduct  by  (>!);  ond  olJ 
or  Winchester  liui(huls  may  l|ci  rr:(li;cQd  tu  imjieiiul  butiheU  by  multiplying  by 
i\,  and  divldiii{;  the  |ii-odu^t'h^  'ii. 
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rcle  whote  circumference  is  1;  and  o  «f  ;  at   7854,  for  the 
t-a  of  the  circle  whose  diameter  is  1. 

On  the  line  D  are  marked  G  S,  for    frallon   square    at 
1-  G  R  for  frallon  round  at  18-7s9;  also  M  S  for 

i;,  at  47  097,  aud  M  K  for  malt  rouud  at  53  144. 

1  re  the  respective  pau^e-points  for  gallons  and 
-  The  first  1605  is  the  side  of  a  square,  which  at 
li  depth  lioids  a  gallon;  the  second  187 89,  the  dia- 

meitr  of  a  circle,  which  at  an   inch  depth  holds  a  gallon  ; 

the  thin!   47  <tH7   the  hide  of  a  8(|uare,  which  at   an  inch 

d'  I;  the  fourth,  53144,  the  diameter  of  a 

c;.  .  .ch  depth  holds  a  bushel. 

On  the  third  face  are  three  lines  :  one  on  a  slider,  marked 

^ '  "•  t>  on  the  stock,  marked  S  S  and  S  L,  for  segment 

d  segment  lying,  which  serve  ullaging,  standing 

1  .v.:.^'  casks. 

A'A>]  oi!  iljf  fourth  side,  or  opposite  face,  are  a  scale  of 

ii.  •  other  scales,  marked  spheroid,  or  1st  variety, 

•J  .  variety;   the  scale  for  the  fourth  or  conic 

\  a  the  inside  of  the  slider  in  the  third  face. 

I  >-'  Hues  is,  to  find  the  mean  diameter  of  ca-sks. 
O  of  the  two  first  sliders,  besides  all  tho.se 
B  w.»ctl,  are  two  other  lines,  being  continued  from 
<j  ')  the  other. 

*■:!'-     \<  a  vul.-  of  inches,  from  24  to  3G,  and 

-    a    >.  ;i;>     I'l    ;ili-    ;^al:M:s,   betweCU    tllC  COrre.SJJOlld- 

II  .  435  and  3G1;  which  form  a  table,  to  show, 
i:.        , 'Hi,  the  contents  of  all  cylinders  whose  diameters 

re  from  l'Jt\  to  36incbeti,  their  c*ommou  altitude  being  1  inch. 

VKRIB's   eLIDIS'G   RULE. 

This  role  is  io  the   form   of  a  parallelopipedon,  aud  is 
generally  made  (Jf  Imx. 

1    T'-.'  liiit-  iiiHfk.  i1  A    nil  the  face  of  this  rule,  is  culled 

.  d,  1,  2,  3,  4,  5,  (i,  7,  8,  9,  10. 

_..     .    _  .    ......  u  ;,i...  ,  pin,  marked  IM,  IJ,  signifying 

.e  cubic  inches  in  a  imperial  bubhel;  at  277  274  is  fixed 
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another  brass  pin  marked  IM,  G,  denoting  the  number  of 
cubic  inches  in  an  imperial  gallon. 

2.  Tiie  line  marked  B  is  on  the  slide,  and  is  divided 
exactly  like  that  maked  A.  There  is  another  slide  B,  on 
the  opposite  side,  which  is  used  along  with  this.  The  slide 
on  the  first  face  is  called  the  second  radius,  and  that  on 
the  opposite  face,  the  first  radius.  The  two  brass  ends, 
when  placed  together,  make  a  double  radius,  numbered 
from  the  left-hand  towards  the  right.  At  2n-2t4,  on  the 
second  radius,  is  a  fixed  brass  pin,  marked  IM,  G,  denoting 
the  cubic  inches  in  an  imperial  gallon;  at  314  is  fixed 
another  brass  pin,  marked  C,  signifying  the  circumference 
of  a  circle  whose  diameter  is  1.  These  lines  are  used  and 
read  exactly  as  the  lines  A  and  B,  on  the  carpenter's  rule, 
which  have  been  already  described. 

3.  The  back  of  one  slide  or  radius,  marked  B,  has 
the  dimensions  for  imperial  gallons,  and  bushels,  green 
starch,  dry  starch,  hard  soap  hot,  hard  soap  cold,  green 
soft  soap,  white  soft  soap,  flint  glass,  &c.,  &c.,  as  in  table, 
page  200. 

The  back  of  the  other  slide  or  radius,  marked  B,  contains 
the  gauge-points  corresponding  to  these  divisors,  where  S 
denotes  squares,  and  C  circles. 

4.  The  line  M  D  on  the  rule,  denoting  malt  depth,  is  a 
line  of  numbers  commencing  at  2281*192,  and  is  num- 
bered from  the  left  to  the  right-hand  2,  10,  9,  8,  7,  6,  5,  4, 
8.     This  rule  is  used  in  malt  gauging. 

5.  The  two  slides  B,  just  described,  are  always  used 
together,  either  with  the  line  A,  M  D,  or  the  line  I),  which 
is  on  the  opposite  face  of  the  rule  to  that  already  described. 
Tli«  line  I)  is  numbered  from  the  left-hand  towards  the 
right,  I,  2,  3,  31,  to  32,  which  is  at  the  riglit-hand  end  ;  it 
if?  then  ce4i,tinued  from  the  left  hand  end  of  the  other  edge  of 
the  rule,  32.  i,  5,  6,  7,  8,  9,  10.  At  ICrGi)!  is  a  brass  pin 
<Cr  S,  signifyitijtc  a  gunge  square,  being  the  square  guage- 
■jxiint  for  imperial  gallons.  At  18*189  is  fixed  a  brass  i)in, 
inajked  G  11,  denKjt,i/J|g  gauge  rmtiid.,  or  circular  gauge  point 
for  itapcrial  gallons,    ^t  47097,  M  S  signifies  malt  square] 
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tbc  sqaare  gaoge-point  for  malt  bushels.  At  53' 144,  M  R 
denotes  malt  round,  the  round  or  circular  gauge-point  for 
II  ■  "  Is.  The  line  D  on  this  rule  is  of  the  same  nature 
I.  marked  D  on  the  carpenter's  rule,  which  has  been 

alicutiv  described.  A  and  the  two  slides  B,  are 

n^*'^\  tOL'etht'r,  for  j  multiplication,  division,  simple 

1  D,  and  the  same  slides  B,  are 

u  -he  square  and  cube  roots. 

6.  The  other  two  slides  belonging  to  this  rule  are  marked 
C,  and  are  divided  in  the  same  manner,  and  used  together, 
like  the  slideii  B. 

The  back  of  the  first  slide  or  radius,  marked  C,  is  divided, 
[.♦.vr  t1,..  .-.i,r..  into  inches,  and  numbered  from  the  left-hand 
t  -ht,   1,  2,  3,  4,  5,  &c.,  and  these  inches  are 

:.  d  into  10  equal   parts.     The  second  line  ig 

I  1,  and  is  numbered  from  the  left  hand  towards 

in-  r  .riu  i,  _',  6,  4,  5,  6,  7,  8.  The  third  line  is  marked  second 
variety,  and  is  numbered  1,  2,  3,  4,  5,  0.  These  lines  are 
used,  with  the  scale  of  inches,  for  finding  a  mean  diameter. 

The  back  of  the  second  slide  or  radius,  marked  C,  has 
several  factors  for  reducing  goods  of  one  denomination  to 
others  of  ^-i'  v  < -iit  values.  Tijus  |  X.  to  VI.  6.  |  signifies 
that  to  n  ,'  beer  at  8«.  per  barrel,  to  small  beer  at 

If.  \ii.  you  ail-  lu  multiply  by  6.  |  VI.  to  X.  17.  |  signifies 
thai  to  reduce  small  beer  at  it.  id.  per  barrel  to  strong  beer 
at  ^i.  per  barrel,  you  are  to  multiply  by  17.  |  C  4  cc  to  X. 
27.  i  (iiguitieii  that  27  is  the  multiplier  for  reducing  eider  at 
4*.  per  l>arrcl  to  another  at  85.,  &c. 

7  T'"  »»*'^'  ^1  .'. .;  P  Mist  descriljed,  are  alwayg  osed  toge- 
t!"  :.  '  rule  marked  Seg.  St.,  or  S  S,  seg- 

u-  _'.  L  y  or  8  L,  segment*  lying;  for 

u  1  .  luer  of  these   lines  is  numbered  1, 

"i,  .,,  4,  .1,  u,  i,  ■^,  wnicu  stands  at  the  right  hand  end;  it  then 
siMri  on  firom  the  left-band  on  the  other  edge  8,  9,  10,  &c., 

'1  in  the  same  manner  1,  2,  3, 
and  end;  it  then  goes  on  from 
;<-,  4,  5,  6,  7,  &c.,  to  100. 
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PROBLEM  I. 


To  find  the  several  multipliers,  divisors,  ami  gauge-points 
belonging  to  t/ie  several  measures  now  used 

MULTIPLIERS    FOR    SQUARES. 

As  2'7*7'2*74  solid  inches  are  contained  in  one  imperial  gal- 
lon, and  2218'192  solid  inches  in  an  imperial  bushel;  then  it 
is  obvious  that  if  1  be  divided  by  27  r2T4,  and  2218-192, 
respectively,  the  quotients  will  be  the  multipliers  for  imperial 
gallous  and  bushels  respectively. 

Hence  the  method  of  finding  the  following  multipliers  is 
obvious  : — 

27t-274)l-00000(-0036065  multiplier  for  imperial  gaJlous. 
2218-192) l-00000(-0004508  multiplier  for  imperial  bushels. 

Now  it  is  manifest  that  if  the  solid  inches  contained  in  any 
vessel  be  multiplied  by  the  first  of  these  multipliers,  the  pro- 
duct will  be  the  imperial  gallons  that  vessel  will  contain;  and 
if  multiplied  by  the  other,  the  product  v\ill  be  the  imperial 
bushels. 

MULTIPLIERS   AND    DIVISORS    FOR    CIRCLES. 

It  has  been  shown  that  when  the  diameter  of  a  circle  is  1, 
the  area  of  that  circle  is  "785398,  &c.,  -7854,  nearly;  thea 
by  dividing  the  solid  capacity  of  any  figure  by  -7854,  the 
quotient  will  be  the  proper  divisor  for  the  square  of  the 
diameter  of  a  circular  figure.  Then  to  reduce  the  area  at 
one  inch  deep  into  gallons,  divide  -7854,  or  -785398,  &c., 
by  277-274,  and  2218-192,  and  the  quotients  will  give  the 
multipliers  for  imperial  gallons  and  bushels  respectively; 
and  -7854  divided  into  277-274  and  2218-192,  will  give  the 
divisors  for  the  imperial  gallons  and  bushels. 

277-274)-785398(-002832  multiplier  for  imperial  gallons. 
22l8-192)-785398(-00354  multiplier  for  imperial  busliels. 
•785:598)277-274(3500302  divisor  for  imperial  gallons. 
■785398)2218-192(2824-2897  divisor  for  imperial  bushels. 
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The  jratijjc-poiats  are  fouud  by  extracting  the  square  root 
of  the  divii^orh. 


GAUGK-POINTS    FOR    SQUARES. 

^    277'2"4  =  16-651  imperial  gallons. 
^  2218iy2  =  4  7  097  imperial  bushels. 


GAUGE-POINTS    FOR   CIRCLES. 

^/     "' !  —  18-789  imperial  gallons. 

»J  '-  -  53  144  imperial  bushels. 

In  th(R  mauuer  the  numbers  in  the  following  tabic  were 
caicalaled. 
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NoTi-..  It  very  often  happens  in  the  prnrtice  of  gonpjinp;.  that  when  the  one 
(fivoii  iiiinibe"  is  set  to  the  ffango-ijoiiit  on  the  Blidinfj  rule,  tlie  other  Riven  nuni- 
bei-  will  lull  od'  tlie  rule;  hence  in  innny  rnses  it  will  be  necossiiry  to  fnui  a 
second  or  new  Kniiffo  point  The  Rocond  (r»nge  points  me  tlio  square  roots  ol 
ten  times  lh«  (liviHor>i  in  tlic  iitiove  table.  Thus,  for  scuinrns,  the  new  KiUiRC- 
point  for  imperial  K;illons  is  6^  (i5,  for  bushnls  148  OS;  and  for  circles,  the  new 
gauge-point  for  gallons  is  A-*-4'J,  for  mult  busliels  16805, 


GAUOIVO.  20? 

PROBLEM  II. 

To  Jimd  the  atta,  in  imperial  galions,  of  any  rectilineal  plane 
figure. 

Rfut.  By  the  rules  ^ven  in  Mensoratioa  of  Superficies, 
find  the  area  of  the  fijrure  iu  inches,  wiiich  being  divided  by 
2'n"2»4,  or  iu«!'i"!i''ii  ''v  OOi'.t'iOr)'),  will  give  the  area  iu 
gallons.* 

I.  Suppose  a  l>ack  or  cooler  in  the  form  of  a  panillelo- 
gram  to  be  100  iuches  in  length,  and  40  in  breadth; 
required  the  area  in  imperial  gallons. 

'  X  40  3=  4000  the  area  in  inches,  which  divided  by 
-T4    the   quotient    14"42>>  =  the  number  of  imperial 
gallons;  or  if  we  multiply  4000  by    OOobOGo,  the  product 
14  4_'C  it.  the  number  of  imperial  gallons  as  before. 

BV   THE    8UDING    RULE. 

OnA        OnB        OnA        OnB 
As  277  274    :  40  ::  100  :  14-4,  nearly. 

S.  If  the  side  of  a  eqaare  l)e  40  inches,  what  is  the  area 
in  imperial  gallons  ?  Ans.  5  77  gallons. 

3.  If  the  side  of  a  rhombus  be  40  inches,  and  its  perpen- 
dicular breadth  37  inches;  required  its  area  iu  wine  gallons. 

Ans.  541. 

4    What  U  the  area  of  a  square  cooler,  in  imperial  gallons, 
;U  inches?  i4«*.  74  785. 

^  the  side  of  a  hexagon  to  be  64  inches,  and 

rpeudicular  from  the  centre  to  the  middle  of  one  of 


«hol*  frwt— I  ia  (alloM  or  bttakoU. 
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t'le  sides  55-42  inches;  required  its  area  in  imperial  gallons 
f-  fld  malt  bushels  ? 

^^^    j  38-38  imperial  gallons. 
4  8  malt  bushels. 


PROBLEM  III. 

The  diameter  of  a  drciilar  vessel  hchig  given  in  inches,  to  find 
its  area  in  imperial  gallons. 

Rule.  Multiply  the  square  of  the  diameter  by  •002832; 
or  divide  the  square  of  tlie  diameter  by  353-036,  the  product 
or  quotient  will  give  the  area  iu  imperial  gallons. 

When  it  is  recpiired  to  find  the  area  in  any  other  deno- 
mination than  imperial  gallons,  use  the  proper  multiplier 
or  divisor  for  the  required  denomination,  as  given  in  the 
table,  page  206. 

1.  The  diameter  of  a  circular  vessel  is  32*6  inches;  re- 
quired the  area  in  imperial  gallons  ? 

(32-6)2  ^  1062-76.     Then, 

1062-T6  X  -002832  =  3-01  gallons. 

Or,  1062-76  -^  353-036  =  301. 

BY    THE    SLIDING    RULE. 

As  18-T8  is  the  circular  gauge-point  for  imperial  gallons, 
say 

On  D    On  B    On  D    On  B 

As  18-78   :    1    ::  32-6  :  3 

2.  If  the  diameter  of  a  circular  vessel  be  10  inches,  what 
J8  the  area  in  imperial  gallons  ?  Am.  -283. 

3.  Suppose  the  diameter  of  a  circular  vessel  is  30  inches, 
what  is  its  area  in  imperial  gallons  ?  Ans.  254  8. 

4.  Wiiat  is  the  area  in  imperial  gallons  of  a  round  vessel, 
whcse  diameter  is  24  inches  ?  Ans.  r631. 
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Given  Ike  tranxrerte  ntul  am  jugate  diameter  of  an  elliptical 
vessel,  to  find  its  area  in  imperal  inmsure. 

UrLK,  Multiply  the  product  of  the  two  diameters  by 
•002t<32  :  or  divide  the  product  of  tlie  two  diameters  by 

:  ■  ' ;  the  product  or  quotient  will  give  the  imperial  gal- 

.  red 

Wheu  any  other  denomination  is  required,  the  proper 
multiplier  or  divisor  in  the  table  is  to  be  employed. 

1.  Suppose  the  longer  diameter  of  an  elliptical  vessel  is 
10,  and  the  shorter  diameter  6,  required  the  area  in  ale  and 
wine  gallons. 

Here.  10  X  6  =  60. 
Then,  60  x    002833  =    17  of  a  gallon. 

2  'al  vessel 

is  *j",  ^   ._  it's;  what 

is  tli«  area  m  imperial  measure  t       Ant.  '606  ot  a  gallon. 

On  A      On  B     On  A     On  B 

As  353  :  20  ::  10  :    560  of  a  gallon. 

3.  Soppose  the  traosrene  diameter  of  an  elliptical  vessel 
is  70  inches,  conjugate  50  inciies ;  required  its  area  in 
imperial  gallum»  and  malt  busheU '{ 

^^    ^9-914  gallons. 

\  I'li    malt  bushels. 

lf«T>  Am  T—«tl«  are  •elJom  or  narer  mad«  truly  elliptical.  b«ing  %«ner*\\y 
•vaU.  lt>«  ai*«  iouuJ  t>y  ti>e  above  raU  u  nut  eurrtii-t.  eitcept  the  vectel  l>«  a 
U«l)  ■latbatnaii''*!  «ili|xi<  ,  »  beu  tiie  ve*»el  it  ot  au  uvaI  tuiiu,  tlte  aiea  u  be*t 
tamj^  ky  iha  lalhod  vf  eqatdUtAut  ordiuA'.M. 

Let  A  B  C  D  be  the  oval  vt  •  area  is  required, 

and  let  A  U  aad  C  D  b«  the  ii..  lud  conjugate  dia- 

meters, at  right  angles  to  each  other,  tiit;  former  lj«iug  1028 
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inches.  Divide  this  transverse  (102-8)  by  some  even  number 
which  will  leave  a  small  remainder,  the  quotient  will  be  the 
distance  of  the  ordinates;  which  distance  may  be  laid  off  on 
both  sides  of  the  conjugate  diameter  a  number  of  times  equal 
to  half  the  even  number  by  which  the  transverse  was  divided, 
then  with  chalk  and  a  parallel  ruler,  draw  the  ordinates 
through  the  points  1,  2,  3,  4,  &c.  Then,  by  Problem  XXI., 
Sec.  III.,  the  area  may  be  found,  which  being  multiplied 
or  divided  by  the  proper  tabular  numbers,  will  give  the 
area  in  gallons,  &c.     Or, 

1st.  Add  together  the  first  and  last  ordinates. 

2nd.  Add  together  the  even  ordinates,  that  is,  the  2,  4,  6, 
8,  10,  &c.,  and  multiply  the  sum  by  4. 

3rd.  Add  together  the  odd  ordinates,  except  the  first  and 
last;  that  is,  add  the  ordinates  3,  5,  7,  9,  &c.,  and  multiply 
the  sum  by  2. 

4th.  Multiply  the  sum  of  the  extreme  ordinates  by  their 
distance  from  the  cnrve. 

5th.  Add  the  three  first  found  sums  together,  and  multiply 
the  sum  V)y  the  common  distance  of  the  ordinates,  and  to  the 
product  add  the  fourth  found  sum,  and  divide  the  total  by  3, 
and  the  quotient  resulting  by  217-274,  or  22 18- 192,  for  the 
area  in  imperial  gallons,  or  malt  bushels,  respectively. 
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!  V  ]'  J  >^  -^  10  =  10  the  distance  of  the  ordiuates 
H-  ...,.:.  .1  n  lilt*  reuaiuder  28  is  double  the  distance  of 
the  exirtuitt  ordiaate8  frou  the  curve;  that  is,  1*4  =  A  1, 
or  B  11. 

Now  let  us  suppose  the  leng:thg  of  the  ordiuates  to  be 
20,  40  2,  57,  66  G,  73,  76,  73,  GOG,  57,  402,  20,  respectively 
begiuiiiu)^  at  1,  and  proceediug  to  11. 
J    I  =  20 
J  11  =  20 

40  iuches,  sum  of  the  first  aud  last. 
14 


Ut 


2ud. 


56 

r  2=40-3 

4  =  6G-6 

6=750 

8  =  66-6 

10=40-2 


"rd. 


288  6  X  4  =  1154-4 

r   3=57 

5=73 

1  =  73 

y=57 


260  X  2  =  520 


Tlien,  40  +  11544  -f  520  =  1714  t  sum  of  first  three  sums. 

10 


17144 
66 

3)17200 


6733  3  ;  then, 
5733-3  ^  277-274  =  20  64  gallons. 
5733  3  -r  2218-192  =  258  loalt  buKhela. 
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When  the  vessel  is  not  circular,  or  elliptical,  it  is  best  to 
measure  the  equi-distaiit  ordinates,  which,  though  ever  so 
unequal,  will,  by  proceeding  as  above,  serve  to  find  the  area 
of  tlie  base.  Whenever  the  vessel  is  au  irregular  curved 
figure,  the  area  should  be  invariably  found  l)y  the  method 
of  equi-distant  ordinates,  as  the  true  result  cannot  be  found 
by  any  other  method. 

4.  What  is  the  area,  in  imperial  measure,  of  an  ellipse, 
whose  transverse  axis  is  24,  and  conjugate  18  ? 

Alls.  1-2234  gallons. 


PROBLEM  V. 

To  find  Uie  content  of  a  prism,  in  imperial  gallons. 

PtULR.  Find  the  area  of  the  base,  by  Problem  II.,  in 
gauguig,  which,  being  multiplied  by  the  depth  within,  will 
give  the  content  in  gallons. 

Or,  find  the  solid  content  by  mensuration,  and  divide  that 
content  by  271"274  for  imperial  gallons. 

A  vessel,  whose  base  is  a  right-angled  parallelogram,  is 
■40"3  inches  in  length,  the  breadth  36-5  inches,  and  the  depth 
42'G  inches;  required  its  content  in  imperial  gallous  ? 

Here,  49-3  X  36-5  X  42-6  =  ^6656-57. 

Then,  76656-57  -^  277*274  =  276465  gallons. 

And  76656-57  —  2218-192  =  34-558  malt  bushels. 


BY   THE    SLIDING    RULE, 
Dm  B  On  D  On  B 

49-3  :  49-8  ::  36-5  :  4242. 


On  T)  On  B  On  D 

I'^'^'-'M    •   4'>-6--  49-40  S  27-G  gallons. 
46-37  \    •  ^-  ^  ••  4^  4-  ^  3^.5  j^.^jj^  bushels. 
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2     '  •■<•  Ita^e  of  n  vessel  is  20  inches, 

aii<i   ;  -A    is    t!)('   oouteiit    in    old  ale 

g^lluus/  .l>u.  14.28  guUous. 

3.  The  side  of  a  Tes.sfi  m   uu-  mi  in  of  a  rhombus  is  20 
iichos.  brt-udth  15  iiu-lit's,  aud  depth  10  inches;  required  the 

.  niteiit  in  old  ale  gallons  ?  Ans.  10G38  gallons, 

4.  Wh.it  is  the  content  in  old  wine  galloiis  of  a  vessel  in 
the  form  of  a  rhomboid,  whose  longest  side  is  20  inches, 
'•■-•'.■!•'•  from  side  to  side  8  inches,  and  depth  10  inches? 

Ans.  6  88  wine  gallons. 

PROBLEM  VI. 

To  find  tkt  content  of  any  rtssd,  whose,  ends  are  squares  or 
reetavgUs  of  any  dimensions. 

Rt'LK.  Multiply  the  sura  of  the  lengths  of  the  two  ends, 

b?  the  sum  of  their  breadths,  to  which  add  the  areas  of  the 

t.  '      •'■    sum,  multij>lie»l  by  one-sixth  of  the  depth,  will 

L  .  in  cul)ic  inches;  tlieii  divide  by  2T7"i74,  or 

:iteat  in  imperial  gallons,  or  mult  bushels. 

•p  and  bottom  of  a  vessel  are  paralielo- 

leugtti  of  the  top  'is  40  inches,  and  its  breadth 

tl,..  1.-1, ;rih  of  the  bottom  is  30  inches,  and  its 

depth  60  inches;  required  the  contents 

40  4-  30  =  70  sum  of  the  lengths. 
30  -f  20  =  60  sum  of  the  breatlhts. 


:  '  '.luct. 

40  X  30  =r  -  a  of  the  greater  base. 

30  X  20  =     GUU  lin^  of  the  lesser  ba^. 


5300 

10  ODe-sixth  of  the  depth. 

0  ffoliditjr  in  cubic  inched. 
Then  63U00  -h  277  274  =  191146. 
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BY   THE    SLIDING    RULE. 


Find  a  mean  proportional  {^  (40  X  30)  =  34-04),  be- 
tween the  length  and  breadth  at  tlie  top,  and  a  mean  propor- 
tional (  ^  (30  X  20)  =  24.49),  between  the  length  and 
breath  at  the  bottom;  the  sum  of  these  is  59"13,  twice  a 
mean  proportional  between  the  length  and  breadth  in  the 
middle.     Then, 

On  D    On  B  On  D  On  B 

'  sura    19ri46     imperial 

gallons. 


16-65  :  V  ::      ^  24-49 
f  5913 


2.  Suppose  the  top  and  bottom  of  a  vessel  are  parallclo- 
gramfc,  the  length  of  the  top  is  100  inches,  and  its  breadth  70 
inches;  the  length  of  the  bottom  80,  and  its  breadth  56, 
and  the  depth  42  inches;  what  is  its  content  in  imperial 
gallons  ?  Ans.  862-59  imperial  gallons. 


THE  GAUGIXa  OR  DIAGONAL  ROD. 

The  diagonal  rod  is  a  square  rule,  having  four  faces,  and 
is  generally  4  feet  long.  It  folds  together  by  joints.  This 
instrument  is  employed  both  for  gauging  and  measuring 
casks,  and  computing  their  contents  ;  and  that  from  one 
dimension  only,  namely,  the  diagonal  of  the  cask,  or  the 
length  from  the  middle  of  tlie  bung-hole  to  the  meeting  of 
the  cask  with  the  stave  opposite  the  bung;  being  the  longest 
line  that  can  be  drawn  from  tiie  middle  of  the  bung-hole  to 
any  part  within  the  cask. 

On  one  face  of  the  rule  is  a  scale  of  inches  for  measuring 
this  diagonal;  to  which  are  placed  the  areas,  in  ale  gallons, 
of  circles  to  the  corresponding  diameters,  in  like  manner 
as  the  lines  on  the  under  sides  of  the  three  slides  in  tlie 
sliding  rule. 

On  the  opposite  face,  there  are  two  scales  of  ale  and  wine 
gallons,  expressing  the  contents  of  casks  having  the  cor- 
responding diagonals. 
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All  the  other  lines  on  the  instrument  are  similar  to  those 
on  Uie  ttlidiiig  rule,  uud  are  used  iu  the  tiauic  mauuer. 

ExAwtpU.  The  diagonal,  or  distance  between  the  middle 
of  the  bong-hole  to  the  most  distant  part  of  the  cask,  a^ 
found  bj  the  diagonal  rod,  is  34*4  inches  :  what  is  the  con- 
teat  iu  gallons  ? 

To  34  4  iucbe«  correspond,  on  the  rod,  90}  ale  gallons, 
or  111  wine  gallons,  92|  imperial  gallons,  the  content  re- 
quired? 

S«TK.  Tk«  OMrtMits  ifcow  bjr  th«  rod  •atwer  to  the  mott  eommon  form  of 
^  ^>i.>  oiij  toll  ia  b«<irr«en  Um  tea  ki>4  Srd  varietiet  foUowiug. 

or   CASKS,    AS   DinOKO    INTO   VARIETIES. 

Casks  are  nsnally  divided  into  four  varieties,  which  are 
ettsily  distinguished  by  the  curvature  of  their  sides. 

1.  The  middle  frustum  of  a  spheroid  belongs  to  the  first 
variety. 

3.  The  middle  fnistum  of  a  parabolic  spindle  belongs  to 
the  second  variety. 

3.  The  two  equal  frustums  of  a  paraboloid  belong  to  the 
third  variety. 

4.  And  the  two  equal  frustums  of  a  cone  belotig  to  the 
fourth  variety. 

t  of  any  of  theKe  be  found  in  inches  by  their 
I  liid  this  divided  by  2T7-274,  or  2218  2,  the 

qii  ...    'l  .^.  ,  i.c  t[ie  content  in  imperial  gallons,  or  bushels, 

ri-'l '•'■..  .c.v. 

PROBLEM  Vir. 

To  find  the  otnUetU  of  a  restel,  in  the  farm  of  the  frustum 
of  a  o/tu. 

RcLK.  To  three  times  the  product  of  the  two  diameters 
add  the  square  of  their  difference*  multiply  the  sum  by  one- 
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tliird  of  the  depth,  and  divide  tlie  product  by  353-0362  for 
imperial  gallons,  and  by  2824"289  for  malt  bushels. 

1.  What  is  the  content  of  a  cone's  frustum,  whose  greater 
diameter  is  20  inches,  least  diameter  15  inches,  and  depth 
21  inches  ? 

20  X  15  X  3  =  900 

20  —  15  =  5&5==     25 


925  X  t  =  C)415.     Then, 
353-0362)6475(18-34  imperial  gallons. 
294-I2)64t5(22-01  wine  gallons. 

2.  The  greater  diameter  of  a  conical  frustum  is  38  inches, 
the  less  diameter  20-2,  and  depth  21  inches;  what  is  the  con- 
tent in  old  ale  gallons  ?  .  Ans.  51'07  gallons. 


PROBLEM  yill. 

To  fitid  the  conteoit  of  t/ie  frustum  of  a  square  pyramid. 

Rule.  To  three  times  the  product  of  the  top  and  bottom 
sides,  add  the  square  of  their  ditference,  multiply  their  sum 
by  one-third  of  the  depth,  and  divide  the  product  by  282 
and  231,  for  old  ale  and  wine  gallons,  respectively;  and  by 
21 7  214,  for  imperial  gallons. 

1.  Suppose  the  greater  base  is  20  inches,  the  less  base  15 
inches,  and  depth  21  inches;  required  the  centent  in  old  wine 
measure  ? 

20  X  15  X  3  =  900 

20  —  15  =  5 

Then,     5x5=    26 


925  X  T  -T-  231  =  21-8  gallons. 

Note.  Tho  content  of  th«  fru.stum  of  a  pyrnmid  is  found  just  like  that  of  a  con»>, 
Willi  tlic  cxcuption  of  tho  t»<iiiliii'  divisor,  or  niuUipliur,  the  couo  ruquiiiu;;  ihu 
circuliir  factor,  mid  the  |>yruiiiid  llie  Kijuoro  one. 
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PROBLEM  IX. 
To  find  the  amtttit  of  a  globe. 

Kri.K.  Maltiplj  the  diameter  of  the  globe  by  its  circam- 
fervnce,  and  the  resultiug  product  by  one-sixth  of  the  dia- 
meter; theu  the  la,st  product  mnltipled  or  divided  by  the 
circular  factor,  will  give  the  couteut  iu  gallous. 

1.  Let  the  diameter  be  34  inches,  what  is  its  content? 
34  X  34  X  34  X    5236  =  20579  5744. 

Then,  20579-5744  -^  282  =  729772  old  ale  gallons. 
Aud,  20579  5744  -~  231  =  8908  old  wine  gallons. 

RiLK  n.  Or  cube  the  diameter  of  the  globe,  which  mul- 
tiply by  001888  (|  of   002832)  for  the  content  in  imperial 
gallous. 
34^=  39304;  then  39304  X   001888  =742  imperial  gallons. 

2.  What  ii  the  content  of  a  globe  in  old  ale  and  wine 
measure,  the  diameter  being  20  inches  ? 

.       (  14-848  old  ale  gallons. 
^^'  I  18128  old  wine  gallous. 

3.  Required  the  content  of  a  globular  vessel,  whose  dia- 
meter is  100  indiei  ? 

Ans.  1888^  imperial  gallons. 

PROBLEM  X. 

Tojimd  tke  oomUni  of  the  ugnetU  of  a  tfhere,  as  the  rising 
croum  of  a  copper  still,  Jjfc. 

P —  ^'  -p  the  diameter,  or  chord  of  the  segment, 
anu  list  in  the  middle.     Multiply  the  square  of 

hal:  •>;  to  the  product  add  the  square  of  the 

uli.  sum  by  the  altitude,  aud  the  product 

figaiu  by   UUi^JG,  or  •'  or  old  ale  or  wine  measure, 

reupfcctively,  aud  by  0  .  imperial  gallous. 

lu 
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1.  The  diameter  of  the  crown  of  a  copper  still  is  2t-6,  its 
depth  9'2;  required  its  content  ? 
Here,  276  -^  2  =  13-8, 
Then,  ISS  X  13-8  X    3  =  571-32 
9-2  X  9-2  =    84-64 


imperial  gallons. 


655-96  sura. 
9-2  depth. 


6034-832  X   -001888  =  13-39 


PROBLEM  XI. 

To  gauge  a  copper  having  either  a  concave  or  convex  bottom  ; 
or  what  is  called  a  falling  bottom,  or  rising  crown. 

Rule.  If  the  side  of  the  vessel  be  straig^ht  with  a  falling 
bottom,  find  the  content  of  the  segment  CyD,  b}'  Prob.  X.; 
find  also  the  content  of  the  upper  part  A  B  D  C,  by  Prob. 
VII.  J  the  sum  of  both  will  give  the  content  of  the  copper. 


When  the  copper  hns  a  rising  crown,  find  the  content  of 
A  B  C  I),  by  Prob.  Vil.,  from  which  deduct  the  content  of 
the  segment  (^  xJ),  and  the  remainder  will  be  the  content 
of  the  vessel  A  B  I)  x  C. 
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PROBLEM  XII. 

To  gauge  a  rtssd  whose  side  is  curved  from  top  to  bottom. 

Take  the  diameters  at  eqaal  distances  of  2,  3,  4,  or  5 
ioches,  the  case  may  require  ;  if  the  side  of 

the  ve>'  rably  curved,  the  number  of  diameters 

that  will  be  required  will  be  considerable;  the  less  the  cur- 
vature of  the  side,  the  less  the  number  of  diametirs  that 
irill  be  reqoired. 

To  pau<jre  the  vessel,  or  copi?er,  A  B  D  C,  fasten  a  piece 
of  pack-thread  to  A  and  B,  as  A  F  B;  then  with  some  cou- 


Tenient  instrument  find  the  distance  a  C  of  the  deepest 
part  of  the  copper,  which  let  us  suppose  to  be  47  inches. 

By  means  of  the  same  instrument  mea.sure  the  distance 
o  F  from  the  top  of  tlie  crown  F  the  middle  of  A  B;  which 
lei  -e  to  be  42  inches,  this  deducted  from  a  C,  47, 

wi..  ,  =  0  G)  the  height  of  the  crown. 

To  find  the  diameter  C  D,  of  the  bottom  of  the  crown. 

Meaxnre  the  top  diameter  A  B,  which  suppose  to  be  99 

ifi' ■  ■       ■    "'  I.  so  that  a  plummet  attached  to 

tt,.  -  just  over  C,  and  measure  A  a  = 

B  E,  Liu:h  of  which  kl  us  admit  to  be   17*5  iuches;  add 
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these  together,  and  deduct  their  sum  (35)  from  99,  and  the 
remainder  (64)  will  evidently  be  equal  to  C  I),  the  diame- 
ter at  the  bottom  of  the  crown.  Measure  the  diameter  m.  o 
n,  which  touches  the  top  of  the  crown,  which  suppose  is  65 
inches. 

Now,  as  this  copper  is  not  considerably  curved,  the  dia- 
meters may  be  taken  in  the  middle  of  every  6  inches  of  the 
depth,  which  suppose  to  be  as  in  the  second  column  of  the 
following  table;  to  each  diameter  find  the  area  in  imperial 
gallons,  by  Prob.  III.,  which  write  in  the  third  column; 
lind  also  the  content  of  every  6  inches,  corresponding  to 
these  diameters,  which  write  in  the  fourth  column  of  the 
table;  lastly  find  the  content  of  the  crown  by  Prob.  X.,  and 
subtract  it  from  the  content  of  A  B  D  G  C,  the  remainder 
will  give  the  capacity  of  the  copper. 

Or  thus,  C  D  being  64  inches,  the  area  answering  to  it 
is  11-6022,  this  multiplied  by  half  the  altitude  of  the  crown, 
viz.,  by  2'5,  gives  290055  gallons,  the  con-tent  of  the  crown. 
The  content  of  the  part  m  n  I)  C  is  58*9222  gallons,  from 
which  the  content  of  the  crown  being  deducted,  the  remain- 
der (299I67  gallons)  is  the  quantity  of  liquor  which  covers 
the  crown. 


Parts  of 
the  depth. 

Diameters. 

Areas. 

Content  of  e-'ery 
6  inches. 

6 

95-3 

25-t25T 

154-3542 

6 

901 

22-9948 

137-9688 

6 

85- 

20-4653 

122-7918 

6 

80- 

18-1284 

108-7704 

6 

75-2 

16-0183 

96-1098 

6 

70-5 

14-0786 

84-4716 

6 

66- 

12-3387 

74-0322 

The  sum 

778-4988 

To  cover  ( 

jrowa 

29-9167 

The  whole 

content 

.  808-4155 
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PROBLEM  XIII. 

To  find  the  ountent  of  any  dose  cask. 

Whatever  be  the  form  of  the  cajik,  the  followiug  dimcn- 
sioos  most  be  taken ;  that  is, 

The  b"""-  'V,:,<u,'xer,        ) 
The  li-  i-r,         >  within. 

The  lei.^w.  V,.  cue  cask,  } 
Ob  ftceoont  of  the  difliculty  in  asc-ertainiuj!:  the  fijcure  of 
the  cask,  it  is  not,  in  many  cases,  easy  to  tiiid  the  exuct 
tout  lit-  of  cusks. 

Ill  tiikiijo:  tlie  dii!  of  a  cask,  it  is  essential  that  the 

l>iiii-r-lio!f  be  in  li.  «<f  the  cask,  and  also  that  the 

'  '  •',  aud  the  &uvc  up|X>site  to  it,  are  both  regular  and 

II. 
J;  il  that  the  heads  of  casks  are  equal 

ari'i  •  ,     L  if  so,  Uie  distance  between  the  inside 

>  ihe  ouu^iile  of  the  opposite  stave,  will  be  the 
within  the  ca.vk,  nearly, 
i*  rom  the  variety  in  the  forms  of  casks,  no  p^eneral  rule 
could  be  given  to  answer  every  form;  two  casks  may  have 
equal    bead   diameters,  equal   bung    diameters,    and   equal 
leugtha,  aud  yet  their  contents  may  be  very  uueqnal. 

PROBLEM  XIV. 

To  find  the  amUnt  of  a  auk  of  the  first  varieiy. 

Rn.E.     To  the  wjaare  of  the  head  diameter  add  double 

th»*  wjuafp  of  the  hnng  diameter,  and  multiply  the  sum  by 

Tlien  multiply  the  last  product  by 

Vj  1,  the  product  or  quotient  will  be 

I..'      J   L'.ut  iu  imperial  gallon- 


\\    a*   !-  '•.  N'lit  of  a  spbe- 

i<ij.;lh  is  40  inches, 

'6i  inches,  aud  bead 

.  .  ohe«? 


d^^ 
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24  X  24  =    57G 

32  X  32  =  1024 

2 


2624  X  40  =  104960 
•0009A 


944640 
3498t 
11662 


99*1289  imperial  gallons. 

BY   THE    GAUGING   RULE. 

Set  40  on  C,  to  the  G  R      IS'tg  on  D,  against 
24  on  D,  stands  64-99  on  C, 

32  on  D,  stands  116-2    on  C. 

+  116-2 


8)29T-39 


99-13  gallons. 

2.  What  is  the  content  of  a  spheroidal  cask,  whose  length 
is  20  inches,  bung  diameter  16  inches,  and  head  diameter  12 
inches  ? 

^^_.    J  12-36    old  ale  gallons, 
I  14-869  old  wine  gallons. 

To  find  the  content  of  a  cask  by  the  mean  diameter. 

Rule.  Multiply  the  difference  of  the  head  and  bung 
diameters  by  -68  for  the  first  variety;  by  -62  for  the  second 
variety;  by  -55  for  the  third;  and  by  -5  for  the  fourth,  when 
the  difference  between  the  head  and  bung  diameters  is  less 
than  6  inches;  but  when  the  difference  between  these  exceeds 
6  inches,  multiply  that  difference  by  -7  for  the  first  variety; 
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-jy  64  for  the  second;  by  57  for  the  third;  and  by  52  for 
the  fourth.  Add  this  product  to  the  head  diameter,  and  the 
sum  will  be  a  mean  diameter.  Square  this  mean  diameter, 
■od  multiply  the  square  by  the  length  of  the  cask;  this 
product  multiplied,  or  divided,  by  the  proper  multiplier  or 
divisor,  will  give  the  content. 

By  resuming  the  last  example  bat  one,  we  have 
•  Buug  diameter  32  29' 6  mean  diameter. 

Ueiul diameter  24  296 


8  87  6- 16  sqnare. 

'1  40       length. 


5  6  359  5)35046  40 
24 


mean  uiuineier    296 


97-6  gallons. 


la  the  same  manner  the  content  for  the  second  variety 
will  be  94  40  ale  gallons;  for  the  third  variety  9087  ale 
gallons;  and  for  the  fourth  variety  83*34  gallons. 

PROBLEM  XV. 

To  Jind  the  anUeni  of  a  cask  of  the  second  variety. 

Ri'LE.  To  the  square  of  the  head  diameter  add  double 
the  square  of  the  buug  diameter,  and  from  the  sum  deduct 
two-fifths  of  the  square  of  the  difference  of  the  diameters; 
multi|)ly  the  remainder  by  the  length,  and  the  product  again 
by   0009 J  for  the  content  in  imperial  gallons. 


1.  What  is  the  content  of  a  cask, 
whoise  length  is  40  inches,  buug  dia- 
meter 33  inches,  and  head  diameter 
34  inches  ? 
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32  —  24  =  8;  then  8^  =  G4,  and  f  of  64  =  256 
24^  =  576,  and  32=  —  1024,  then  1024  X  2  =  2048 
2048  +  576  =  2624,  and  2624  —  25-6  =  2598-4 

40 


103936 


103936  X  -OOOg-*-  =  98-1617  gallons. 
PROBLEM  XVI. 

To  find  the  content  of  a  cask  of  the  third  variety. 

Rule.  To  the  square  of  the  bung  diameter  add  the  square 
of  the  head  diameter;  multiply  the  sum  by  the  length,  and 
the  last  product  by  -001416  for  the  answer  in  imperial 
gallons. 

Let  us  resume  the  last  example:  thus 
32-^  =  1024 
.24-=  =     576 

1600   X  40  =  64000 
-001416 


90624  imperial  gallons. 


PROBLEM  XVII. 

To  find  the  content  of  a  cask  of  tliz  foiirth  variety. 

Rulh;.  Add  the  square  of  the  difference  of  the  diameters 
to  3  times  the  square  of  their  sum;  multiply  tlie  sum  by  tlie 
length,  and  the  last  product  by  000236  for  the  content  in 
gallons. 

Resuming  still  the  last  example  32 
+  24  =  56,  and  56-'  X  3  =  3136  X 
3  =  9408,  and  8^  =  64,  then  9408 
+  64  =  9472;  then  9472  X  40  = 
378880,  and  378880  X  '000236  = 
89*41668  imperial  gallons. 
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PROBLEM  XVIII. 

To  find  the  content  of  any  cask  by  Doctor  Hutton^s  general 

rule. 

Ri'LE.  Add  into  one  sum,  39  times  the  square  of  the 
bung  diameter,  25  times  the  square  of  the  head  diameter, 
and  26  times  the  product  of  the  two  diameters;  then  multiply 
the  sum  by  the  length,  and  the  product  again  by  00031 J  for 
the  content  in  gallons. 

1.  What  is  the  content  of  a  cask,  wliose  length  is  40 
indies,  and  the  bung  and  head  \liameters  32  and  24  ? 
32«  =  1024  24»  =  576  32  X  24  =  768 

39  25  26 


39936 
14400 
19968 

14400 

74304 

X  40  =  2972160 
•00031J 

934579  gallons. 

ULLAGING. 

PROBLEM  XIX. 

To   ullage   a   lying   cask 

19968 


This  is  the  finding  what  quantity  of  liqoor  is  contained 
in  a  CHkk  when  partly  empty. 

To  ullage  a  lying  ca«k,  the  wet  and  dry  inches  must  be 
known,  lui  uL>o  the  content  of  tlie  cu^k  uud  bung  diameter. 

10' 
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Rule.  Take  the  wet  inches,  and  divide  them  by  the  bung 
diameter;  find  the  quotient  in  the  column  of  versed  sines, 
in  the  table  at  the  end  of  the  prati- 
cal  part  of  this  book,  and   take  out 
its   corresponding   segment  ;  multiply 
this   segment   by  the   whole   content 
of  the   cask,   and    the    product   aris- 
ing  by    li  for    the    ullage  required,  -^.,.^^^,^_.,.^ 
nearly. 

1.  Find  the  ullage  for  8  wet  inches,  the  bung  diameter 
being  32  inches,  and  the  coateut  92  ale  gallons  ? 

32)8('25,  whose  tabular  segment  is  •153546. 

Then,  -153546  X  92  =  14-126232. 
And  14126232  X  U  =  17-65779  gallons. 

PROBLEM  XX. 

To  ullage  a  standing  cask. 

Rule.  Add  together  the  square  of  the  diameter  at  the 
surface  of  the  liquor,  the  square  of  the  diameter  of  the  near- 
est end,  and  the  square  of  double  the  diameter  taken  in  the 
middle  between  the  other  two;  multiply  the  sum  by  the 
length  between  the  surface  and  nearest  end,  and  the  product 
arising  by  -000472  for  the  gallons  in  the  less  part  of  the 
cask  whether  empty  or  filled. 

1,  What  is  the  ullage  for  10  wet  inches,  the  three  diame- 
ters being  24,  27,  and  29  inches  ? 


(2 


24*  =    576 

29*  =    841 

27)^  =  2916 

4333 
10 

43330 

•000472 

86660 
803310 
173320 

43330 

20-45176  gallons. 

PROBLEM  XXI. 

To  find  the  content  of  an  ungtUa,  or  hoof,  of  the  frustum  of 
a  cone. 

RcLE.     1"  s  hoof,  mnltiply  the  prodoct  of  the  less 

diameter  an  .  1  jy  the  product  of  the  greater  diameter 

luuliiplied  by  a  meati  proportional  between  both  diameters, 
les-s  the  square  of  the  less  diameter,  and  this  last  divided  by 
thrt'e  times  the  circular  factor  multiplied  by  the  difiFereucu 
of  the  diameters,  gives  the  content  of  the  less  hoof. 

1.  CD  =  30,AB  =  40,C^  = 
20,  required  the  content  of  the  less 
hoof. 
40   X   30  =  1200,  and  J  1200 

=  340  mean. 
30  X  20     =    600,  1st  product. 
40  X  34-6  =  1384,  2ud  product. 

30  X  30    =  yoo 

484  remainder. 

484  X  600  =  290400 
40  —  30  =  10,  then  359  X  3  X  10  =  10710,  and 
290400  -r  10770  =  2696  gallons. 

Kplk.     For  the  greater  hoof  multiply  the  product  of  the 
ater  diaiiuter  and   the  height  of  the  frustum,  by  the 
iure  of  Till-  j-'Cfirfr  diameter  made  less  by  the  product  of 
the  le>»  '    1  by  a  mean  proportional  between 

those  di.  :  aiiider,  divided  by  three  times  the 

circalar  divigor  multiplied  by  the  difference  of  the  diameters, 
gives  the  content  of  the  greater  hoof. 

Kesoming  the  last  example  we  have 

40  X  40  =  1600 

20  X  40  =  800,  1st  product. 

40  X  30  =  1200,  ami  J  1200  =  346 

34  6  X  30  =  103«,  2nd  product. 

40  —  30  =  10. 
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Then  1600—1038  =  562 

800 


359  X  3  X  10  =  10710)449600,  last  product. 
41-14  old  ale  gallons 

PROBLEM  XXII. 

To  gioage  a  still. 

Fill  the  still  with  water,  and  draw  it  off  in  another  vessel 
of  some  regular  form,  whose  content  is  easily  computed. 
This  is  by  far  the  most  accurate  method  that  can  be  em- 
ployed. 

Or  gauge  the  shoulder  by  itself,  and  gauge  the  body  by 
taking  a  greater  number  of  diameters  at  near  and  equal  dis- 
tances throughout,  first  covering  the  bottom,  if  there  be  any 
cavity,  with  water,  the  quantity  of  which  is  known. 
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LAND    SURVEYING 


Land  sarveying  is  that  art  wbicb  enables  as  to  f^ive  a 
i.ae  plan  or  representation  of  any  field  or  parcel  of  laud, 
and  to  determine  the  superficial  couteut  thereof. 

In  measariog  land,  the  area  or  superficial  content  is  always 
exi  ri   acres,  or  in  acres,  roods,  and  perches;    each 

at.  .  .M<^  4  roods,  aud  each  rood  40  perches. 

Land  is  measured  with  a  chain,  called  G  outer's  chain,  of 
4  poles,  or  22  yards  in  len};th,  which  consists  of  100  equal 
links,  each  link  l)eiug  /Jj  of  a  yard  loufj^,  or  ,-*/o  of  a  foot,  or 
9i  inches.     10  square  chains,  or  10  chains  in  length  and 
ia  braadth,  make  an   acre;  or  4840  square   yards,   160 
Mjuare  poles,  or  re  links  make  an  acre.     The 

length  of  lines  ni<  i  chain,  are  generally  set  down 

in  links  as  integerb;  evcty  chain  being  100  liuks  in  length. 
Therefore,  after  the  content  is  found,  it  will  be  in  square 
links,  and  as  100,000  square  links  make  an  acre,  it  will  be 
necessary  to  cot  off  five  of  the  figures  on  the  right  hand  for 
deciniAls,  mm!  the  rest  will  be  acres.  The  decimals  are  re- 
dooed  to  roods  by  multiplying  by  4,  and  cutting  off  five  figures 
as  before  for  decimals,  which  decimal  part  is  reduced  to 
perches  by  maltiplyiug  by  40,  aud  cutting  off  five  figures 
from  the  product.     As  an  example : 

Sappose  t  of  a  rectangular  piece  of  ground  to  bo 

792  links,  u    .  readtb  3»5;   required  the   imuilier  of 

cs,  roods,  aud  perches  it  contains  ? 
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192  3-04920 

385  4 


3960  -19680 

6336  40 

2376  • 

7-87200 


304920 


A.    R.    P. 

A71S.  3.  0.  7. 
The  statute  perch  is  5^  yards,  but  the  Irish  plantation 
perch  is  7  yards;  hence  the  length  of  a  plantation  link  is 
1008  inches. 

PROBLEM  I. 

To  measure  a,  line,  or  distance  on  the  ground,  two  persons  art 
employed;  the  foremost,  for  the  sake  of  distinction,  is  called 
the  leader,  the  hindcrmost,  the  follower. 

Ten  small  arrows  or  rods,  to  stick  in  4;he  ground  at  the 
end  of  each  chain,  are  provided;  also  some  station-staves,  or 
long  poles  with  coloured  flags,  to  set  up  in  the  direction  of 
the  line  to  be  measured,  if  there  do  not  appear  some  marks 
naturally  in  that  direction. 

The  leader  takes  the  10  arrows  in  one  hand,  and  one  end 
of  the  chain  by  the  ring,  in  the  other;  the  follower  stands 
at  the  beginning  of  the  line,  holding  the  ring  at  the  end  of 
the  chain  in  his  hand,  while  the  leader  drags  forward  the 
chain  by  the  other  end  of  it,  till  it  is  stretched  straight 
and  the  leader,  directed  by  the  follower,  by  moving  his  hand 
to  tlie  right  or  left,  till  the  follower  see  him  exactly  in  a  line 
with  the  mark  or  direction  to  be  measured  to;  then  both  of 
them  holding  the  chain  level  and  stretched,  the  leader 
sticks  an  arrow  upright  in  the  ground,  as  a  mark  for  the 
follower  to  come  to,  and  advances  another  chain  forward, 
being  directed  in  his  position  by  the  follower  standing  at 
the  arrow,  as  before,  as  also  by  himself,  now  and  at  every 
succeeding  chain's  length,  by  moving  himself  from  side  to 
Bide,  till  the  follower  and  back-mark  be  in  a   direct  line. 
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I'  'lain,  and  stack  down  an  arrow, 

>   op  the  arrow,  and  thus  they 

.  the  10  arrows  are  employed,  or  in  the  hands  of 

:    mid  the  leader,  without  an  arrow,  is  arrived  at 

eleventh  chain  length.    The  follower  then 

■c    the  10  arrows  to  the  leader,  who  puts  one  of 

.  at  the  end  of  his  chain,  and  advances  with  his 

V -....■.,  ^3  oefore.     And  thus  the  arrows  are  changed  fromk 

cue  to  the  other  at  every  10  chains'  length,  till  the  whoU* 

'  *■      '     i,  if  it  exceed  10  chains;  and  the  number  of 

!iow  many  times  10  chains  the  line  coutiiins, 

tu  N'"  Ms  the  arrows  he  holds  in  his  hand, 

and  t  of  another  chain  over  to  the  mark 

or  end  ul    liic  liue.     Thus,  if  the  whole   line  measure   '66 

chains  4n  !i«k«,  or  3645  links,  the  arrows  have  been  changed 

t  follower  will  have  5  arrows  in  his  hand,  tlie 

1  :  will  be  45  links  from  the  last  arrow,  to  be 

.keu  up  iiy  tile  follower,  to  the  end  of  the  line. 

In  works  on  Surveying,  it  is  usual  to  describe  the  various 
instrumeut^  msed  in  the  art.     The  pupil,  however,  will  best 

1'          '              "    '  ^  when  actually  engaged  in 

I  .ts  employed  are  the  chain, 

I      •  ,  the  cross,  the  circumfereutor, 

i;  '      .;    •     :  .;;,  i.-.  ..utor,  used  in  measuring  roads, 
aud  uL..      .   '  .a  diblauicteit. 

T  .i.ih  telescopic  or  other  sights,  are  used  to  find 

between  two  or  more  places,  or  how  much  one 
I  .   •       -  .rhtr  or  lower  thau  the  other. 

li.  ;  -  all  i!ic>e,  various  scales  are  used  in  protracting 
ut.  i  .1.  ..-j:  !  .:  ou  paper;  such  as  plane  Scales,  line  of 
riii^r.!-,  p;-'  '.rucior,  compatses,  reducing  scales,  parallel  and 
perpeDdtcular  rulers,  ^c. 

THE    KIELO-BUOK. 

In   stirvfytn?  with   the   plain    table,  a  field-book   is  not, 
r  .ng  is  drawn  on  the  table  inmiediatel)* 

\*  But  when  the  theodolite,  or  any  other 

iustrotuent  ts  used,  soue  sort  of  a  field-book  is  used  iu  prder 
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to  register  all  that  is  done  relative  to  the  survey  in  liand. 
This  book  every  one  contrives  and  rules  as  he  thiuks  fit. 
It  is,  hov^'ever,  usually  divided  into  three  columus.  The 
middle  column  contains  the  different  distances  on  the 
chain-line,  angles,  bearings,  &c.,  and  the  columns  on  the 
right  and  left  are  for  the  offsets  on  the  right  and  left,  which 
are  set  against  their  corresponding  distances  in  the  middle 
column ;  as  also  for  such  remarks  as  may  occur,  and  may  be 
proper  to  note  in  drawing  the  plan;  such  as  houses,  ponds, 
castles,  churches,  rivers,  trees,  &c.,  &c. 

But  in  smaller  surveys,  an  excellent  way  of  setting  down 
the  work  is,  to  draw  by  the  eye,  on  a  piece  of  paper,  a  figure 
resembling  that  which  is  to  be  measured;  and  then  write 
the  dimensions,  as  they  are  found,  against  the  corresponding 
parts  of  the  figure.  This  method  may  be  practised  even  in 
lai-ger  surveys,  and  is  far  superior  to  any  other  at  present 
practised.     A  specimen  of  this  plan  will  be  seen  further  on. 
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FORM   OF   THE    FICLU-BOOK. 


Udt. 

Statioos. 
UuUitcet. 

OtTteU  and  remark*  on  the 
right. 

Cross  a  bed^e  24 
a  brook  30 

D    1 
104^  25' 

00 

67 
120 
734 
954 
736 

Brown's  bam. 

Tree. 
67  SUIe. 

Iloase  corner  61 
Footb-{>atb  15 

82 
62'"  26' 

00 

40 

67 

84 

95 
467 
976 

44 

14  Spring. 

Claytou'H  bcdge  24 

D    3 
64°  It 
62 
124 
630 
767 
767 
305 
760 

20  Pond. 
30  Stile. 
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In  this  form  of  a  fleld-book  D  1  is  tlie  first  station,  where 
the  angle  or  bearing  is  104'^  25'.  On  the  left,  at  67  links 
in  the  distance  or  principal  line,  is  an  offset  of  24;  and  at 
120  an  offset  of  30  to  a  brook  on  the  riglit :  at  67  Brown's 
barn  is  situated;  at  954  is  an  offset  of  20  to  a  tree,  and  at 
736  an  offset  to  a  stile. 

And  so  on  for  the  other  stations. 

A  line  is  drawn  under  the  work,  at  the  end  of  every 
station,  to  prevent  confusion. 


PROBLEM  II. 

To  make  avgles  and,  hearings. 

Let  it  be  required  to  take  the  bear- 
ings of  the  two  objects  B,  C,  from  the 
station  A. 

In    this    problem   it   is    required   to 
measure   the   angle   at   A,    formed    by 
two  lines,  passing  from  the  station  A,  through  two  objects 
B  and  C. 

1.  By  measurement  with  the  chain,  Sfc. 

Measure  with  the  chain  any  distance  along  the  two  lines 
A  B,  A  C,  as  A  Z»,  A  c ;  then  measure  the  distance  b  c ;  and 
this  lieing  done,  transfer  the  three  sides  of  the  triangle  Abe 
to  paper,  on  which  measure  the  angle  c  A  b,  as  in  Problem 
XV.,  Practical  Geometry. 

2.  With  the  magnetic  needle  and  compass. 
Turn  the  instrument,  or  compass,  so  that  the  north  end 
of  the  needle  may  point  to  the  flower-de-luce.  Then  direct 
the  sights  to  a  mark  at  B,  noting  the  degress  cut  by  the 
■n&edle.  Next  direct  the  sights  to  another  mark  at  C,  noting 
the  degrees  cut  by  the  needle  as  before.  Then  their  sum 
or  idiffc'rence,  as  the  case  may  be,  will  give  the  number  of 
do^xws  iu  .the  angle  CAB. 
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3.   TTT/A  the  theodolite,  SfC 

P  flxed  si_  lt  the  line  A  B,  by  turning 

the  it  about  •  '  the  murk  B  through  these 

8iirht8,   and   in   that  .    the    iustrument   fast. 

Then  turn  the  moveali  •  •  till,  through  its  sights, 

you  see  the  other  mark  C.  Then  the  degrees  cut  by  the 
index,  on  the  graduated  limb  or  ring  of  the  instrument, 
show  the  number  of  degrees  in  the  angle  GAB. 

4.    With  the.  plain  table. 

Having  covered  the  table  with  paper,  and  fixed  it  on  its 
stand,  plant  it  at  the  station  A,  and  fix  a  fine  pin,  or  a 
point  of  the  compass  in  a  proper  point  of  the  paper,  to 
represent  the  station  A.  Close  by  the  side  of  this  pin,  lay 
the  fiducial  edge  of  the  index,  and  turn  it  about,  still  touch- 
ing the  pin,  till  one  object  B  can  be  seen  through  thfr 
sights;  then  by  the  fiducial  edge  of  the  index  draw  a  line. 
By  a  similar  process  draw  another  line  iu  the  directiou  of 
the  object  C.     And  it  is  done. 


PROBLEM  III. 
To  measure  the  offsets. 

Let  K  h  cd  e  f  g  be  %  crooked  hedge,  river,  or  brook, 
&c  ,  and  A  0  a  base  line. 

Hrgin  at  the  point  A,  and  measure  towards  G;  and  when 
yuu  cuuie  oppuAite  to  any  of  the  corners  h  c  d,  &c.,  which  is 
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ascertained  by  means  of  the  cross-staff,  measure  the  offsets 
li  b,  C  c,  J)  d,  &c.,  with  the  chain,  and  register  the  dimea- 
eion,  as  in  the  annexed  field-book. 


FIELD  BOOK. 


91 

5T 

98      . 
10 
84 
62 

185  =  A  G. 
634 
510 
340 
220 
45 
n  A  go  North. 

Offsets 
Left. 

Base  line  A  G,  or 
D  Station. 

Offsets 
Right. 

To  lay  down  the  plan. 

Draw  the  line  AG  of  an  indefinite  length;  then  by  a 
diagonal  scale,  set  off  A  B  equal  to  45  links;  at  B  erect  the 
perpendicular  B  b  equal  to  62  links  taken  from  the  same 
scale.  Next  set  off  A  C  equal  to  220  links,  or  2  chains  20 
links,  and  at  C  erect  the  perpendicular  C  c,  equal  to  84 
links;  in  the  same  way  set  off  A  C  equal  to  340  links,  or  3 
chains.  40  links,  and  at  D  erect  the  perpendicular  D  d  equal 
to  70  links.  Proceed  in  a  similar  manner  with  the  remain- 
ing offsets,  and  straight  lines  joining  the  points  Abed, 
e,  &c.,  will  complete  the  figure. 


To  find  the  content. 

Some  authors  direct  to  add  up  all  the  perpendiculars  B  b, 
C  (•;  <fec.,  and  divide  their  sum  by  the  number  of  them,  then 
multiply  the  quotient  by  the  length  A  G.  Tliis  method, 
however,  should  never  be  used,  exco[)t  when  the  offsets  B 
h,  C  c,  &c.,  arc  equally  distant  from  each  other. 


LAND    SURVEYING.  "Z.i  i 

V  ■         '  rit  from  each  other, 

wi;  _  .s  method  is  errone- 

ous; thereiore  the  followiiior  method  ought  to  be  employed. 

Find  the  content  of  the  sp^ce  A  B  ft  as  a  triaiiji^le,  b)'  Tra 
bleia  v.,  Seetiou  II.  Find  the  contents  of  the  figures  B  C  c  ft, 
C  D  d  c,  Ac,  aii  trapezoids,  by  Problem  XIII.,  Section  11., 
the  sum  of  all  these  Keparate  results  will  be  the  coatent  of 
the  figure  A  G  g  fed  cb  A. 

Tlie  actual  calculation  is  as  follows : 

CALCOLATION. 


AB  = 

45 

AC=  220'ad=  340 

A«=     4o  AC  =  220 

AE=   510 

4i>=  ;{4u 

AF=  634 

AK=  510 

AG  = 

Ar  = 

784 
034 

MO 

Bc  3=  175'cu  :=  120 

PK=  170 

EK  =  124 

GK  = 

151 

/=    67 

57 
91 

L 

Bum  14)J    Sum  154 
flc  =  175  cu  ==  120 

Sum   168 
DC  =  170 

Sum   155 
Ky  =  124 

19-220 

Sum 

148 
151 

p 

rod  25550 

laiao 

28560 

22348 

The»«e  re-i. 
couteiitii  of  : 
lu.,  that  iii, 

2790  =  dou!)!e  aroa  of  A  B  ft. 
25550  =  do  of  B  Cr  ft. 

18480  =  do.  .ofCDrfe. 

28560  =  douiiie  area  of  D  K  c  d. 
19220  =  double  area  of  E  Y  f  e. 
22348  =  double  area  of  E  Q  ^/. 


■'•p  evidentiv  double  the  true 
.  cK  A  iib,'Q  Ccb,  CUdc. 


2)116948  =  doable  area  of  the  whole  in  square  liuks. 
58474  =  area  in  square  links. 


'58474  =:  area  in  acres  =  Oa  ,  28.,  13  65S4p. 
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2.  Required  the  plan  und  content  of  part  of  a  field,  from 
tile  follovviu":  field-book : 


AC 

45 

A^ 

220 

Ke 

340 

Af 

510 

Aff 

634 

AB 

185 

02  C    A 

84  d      i 

70  e     k 

88  /     I 

57  g    m 

91  B    71 


Atu.  Oa.,  2r.,  12p. 


h      ^  7.    ^ 


Q      db  &     P  ^ 


PROBLEM  lY. 

To  measui'e  a  field  of  a  triangidar  form. 

1.  By  the  chain. 

Set  up  marks  at  the  three  cor- 
ners A,  B,  C,  and  measure  with  the 
ehain,  tlie  distance  A  D,  D  being 
the  point  at  which  a  perpendicular 
domittod  from  C,  would  meet  the 
line  A  B;  measure  also  the  distance 
[)  B;  hence  you  have  the  measure 
of  A  B.  Next  measure  the  perperi-  ^ 
(lii'iihir  D  C  ;  then  from  the  two 
dimensions  A  B  and  D  C,  the  ecu  tent  may  be  found  by 
Problem  IV.,  Sectloa  II. 
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Let  A  D  =  194,  A  B  =  1321,  D  C  =  82C  links. 

lo31  X  820  -T-  2  =  545573  links. 

Tin  II,  .'.4'..'>73  -^  100000  =  5  45573  acres. 

I.  '.73  X  4  =  1-82292  roods. 

82292  X  40  =  32  91680  perches. 

Hence  the  answer  5a.,  Ir.,  33p.,  nearly. 

2.  What  is  tlie  area  of  a  trianglar  field,  whose  base  is 
12  25  chains,  and  height  8'5  chains.      Am.  5a.,  Or.,  33p. 

2.  By  taking  one  or  more  of  ttie  angUs. 

Measure  two  sides  A  B,  A  C,  and  the  angle  A,  included 
between  them;  then  half  the  continual  product  of  the  two 
sides,  and  the  natural  sine  of  the  contained  angle  will  give 
the  area.* 

Or,  measore  the  two  angles  A  and  B,  and  the  adjacent 
side  A  B,  from  which  the  figure  may  be  planned,  and  the 
perpendicular  C  D  found,  which  perpendicular  being  multi- 
plied by  half  the  base  A  B,  will  give  the  area.  Or  by  mea- 
suring the  three  sides  of  the  triangle,  its  area  may  be  found 
by  Problem  V.,  Section  II. 


PROBLEM  V. 

1.    By  t/u  chain. 

To  turrey  a  four-tidtd  fidd. 

■ironal  A  C,  and,  as  before  directed,  mea- 
ulars  D  E  and  B  F;  then  the  area  of  each 


Measur- 
sure  the  ]' 


s«e  .\|<|>«iMii](.  OeaKMMtratioo  il 


2^10 
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of  the  triangles  ABC,  A  DC  may  be  found,  ns  in 
hist  problem,   and    botli  areas    being  added  togetlier, 
the  content  of  tlie  four-sided  figure  A  B  C  D. 
Let  A  C  =  592,  D  E  =  210,  B  F  =  306  links. 
592  X  210  =  124320  double  area  of  A  B  C. 
592  X  306  =  181152  double  area  of  A  B  C. 


the 
will 


give 
1. 


2)305412  double  area  of  A  B  C  D 

1-52736  =  area  of  A  B  C  D. 
4 


2-10944 
40 


4-3T'760 
Hence  1a.,  2r.,  4  p.,  the  answer. 

2.  By  tailing  one  or  more  of  the  angles. 

Measure  the  diagonal  A  C,  also  the  sides  A  D  and  A  B. 
Kext  measure  the  angles  I)  A  C  and  BAG:  then  tiie  area 
of  each  of  the  triangles  ABC  and  ADC  may  be  found 
by  case  2,  last  problem. 

2.  Required  the  plan  and  content  of  a  field  by  the  follow- 
ing field-book  : 


FIELD-BOOK. 


1360  =  A  B. 
1190 
600 
D  D  go  East. 

625 

342 

Offsets 
Left. 
I 

Station  D, 
or  base  line. 

Offsets 
Right. 

Ans.  6a.,  2k.,  12p. 
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How  auj  acres  are  there  in  a  foir  -Id,  whose 

diagonal  ii  4  15  ohuius,  aiid  ihe  two  \n  ars  fallin*^ 

ou  It,  from  its  opposite  aogleii,  2  '2i)  and  6  6  cuatus,  res{)ec- 
tivelv  ?  Ans.   1a.,  1r.  22-3i*. 


PROBLEM  VI. 

To  turvey  ajuid  of  many  sides  by  (Ac  chain  oidy. 

Let  ABCDEFO  be  the  field  whose  cootent  is  required. 
Set  up  marks  at  the  coruers  of  the  field,  if  there  be  noue 
there  uaturally.     CoutUder  bow  the  Held  may  be  best  divided 


into  trapeziums  a* '^  ♦''•■■■.rles;  measure  them  separately,  aa 
in  the  two  last  <  and  the  sum  of  all  the  separate 

resulta  will  give  lae  area  of  the  whole  field. 

Ill  tlii^  way  of  measuring  with  the  chain,  the  field  should 
b<  ,10  trapeziums  and  trianfrles,  by  drawinjf  diago- 

ua.fi  .,.,...  .omer  to  corner,  so  that  all  the  perpendiculars 
may  be  within  the  figure. 

The  last  fi^re  i*  divided  into  two  trapeziums  A  B  C  G, 
O  I)  K  F,  aiwl  the  triangle  G  (J  D.  In  the  first  trapezium 
meaiture  the  diagonal  A  C,  and  the  two  perpendiculars  G  m 
and  B  «.  lu  the  tnuigle  G  C  I),  measure  the  base  G  C, 
and  the  pcrjiendiculur  I)  y.     Finally,  measure  tlie  diagonal 

U 


242 


LAND    SURVEYING. 


F  D,  and  the  two  perpendiculars  Gr  o  and  E  f.  Having 
drawn  a  rough  figure  resembling  the  field,  set  all  these  mea- 
sures against  the  corresponding  parts  of  the  figure.  Or  set 
them  down  thus : 


A  m  135 
A  n  415 
A  C  550 


130  m  G 
180  %  B 


^  ^  1^2  \  230  a  D 
C  G  440  i  """^  5-  ^ 


F  0  206 
F  f  288 
F  I)  520 


120  0  G 
80  p  E 


CALCULATION. 

130  +  180  =  310, 550  -r  2  r=  215, 
215  X  310  =  85250  =  A  B  C  G. 

440  X  230  H-  2  =  50600  = 
C  GD. 

120  +  80  =  200,  520  -f-  2  =3  260, 
260  X  200  =:  42000  =  D  E  F  G. 


1-818502  =  ABCDEFG. 
4 


3-51400 
40 


20-56000 
1a.,  3r.,  20-56p.,  answer. 


Other  methods  will  naturally  present  themselves  to  an 
ingenious  practitioner  who  has  read  the  preceding  part  of 
this  work,  or  who  has  been  previously  acquainted  with  the 
principles  of  Mathematics.  .Every  surveyor  ought  to  be  well 
acquainted  with  Plane  Geometry  at  least.  This,  with  a 
knowledge  of  Trigonometry,  would  be  sufficient  for  the  pur- 
pose of  most  surveyors. 

The  content  of  the  last  figure  may  bo  found  by  measuring 
the  sides  A  B,  B  C,  C  D,  D  E,  E  F,  F  G,  G  A ;  and  the 
diagonals  A  C,  C  G,  G  D,  D  F,  by  which  the  figure  is 
divided  into  triangles,  the  content  of  each  of  which  may  be 
found  by  Problem  V,,  Section  II. 
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9.  Riquirtd  the  plan  and  content  of  a  fidd  of  an  irregular 
form  from  tkt  foUovoing. 


riELO-BoOK. 


1 

KOO  =  EG 

.'■>       :.5o            

JGF.goS.W.,  

1100  -HE 

280    1       TJO 

3;'><» 

410 

D  H,  go  East. 

1180  =  cn 

710 

280 

140 

350 
D  C.  go  S.W. 

900  =  AC 

200 

430 

300 
D  A,  go  S.E. 

450 

Offiiet£ 

StatioDR,  D,  or 

Offsets 

,  LefL      Ba«e  Lioes. 

Right. 

Ans.  10a.,  1r.,  24-64P. 


PROBLEM  VII. 
To  turveif  a  fidd  wth  the  theodolite^  Sf^. 
I.  Frum  one  point  or  station. 
WhcQ  ail  the  anglM  can  be  seen  from  one  pomi,  us  ^up- 

e  C. 
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Having  placed  the  instrument  at  C,  turn 
it  about  till,  through  the  fixed  sights,  the 
mark  B  may  be  seen.  Fixing  the  instru- 
ment in  this  position,  turn  the  moveable 
index  about,  till  the  mark  A  is  seen  through 
the  sights,  and  note  the  degrees  on  the  in- 
strument. In  the  same  manner,  turn  the 
index  successively  to  the  angles  E  and  D,  taking  care  to 
note  the  degrees  cut  off  at  each;  by  which  you  have  all  the 
angles,  viz.,  13  C  A,  B  C  E,  B  C  D.  Now,  having  obtained 
the  angles,  measure  the  lines  C  B,  C  A,  C  E,  CD;  entering 
the  respective  measures  against  the  corresponding  part  of 
a  rough  figure,  drawn  to  resemble  the  figure. 


2.  By  going  round  tJie  field. 

Set  up  marks  at  B,  C,  D,  &c.  Place  the  instrument  at 
the  point  A,  and  turn  it  about  till  the  fixed  index  be  in  the 
direction  A  B,  and  then  screw  it  fast :  turn  the  moveable 
index  in  the  direction  A  P,  and  the  degrees  cut  off  will  be 


the  angle  A;  next  measure  A  B,  and  planting  the  instrument 
at  B,  measure,  as  before,  the  angle  B  ;  measure  the  line 
B  C,  and  the  angle  C  :  and  so  proceed  round  the  figure, 
always  measuring  the  side  as  you  go  along,  as  also  the 
angles. 

The  32d  Proposition  of  the  1st  Book  of  Euclid  affords  an 
easy  method  of  proving  the  work  :  thus,  add  all  the  internal 
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anjrles,  A,  B,  C,  &c.,  of  the  ;  ",  and  tbeir  sum 

must  lie  equal  to  twice  as  n.  jles  as  the  lijrure 

baM  sideK,  wuutiu^  four  ri)(ht  angles.  But  when  the  ti^ure 
haii  a  re-eiiterant  augle  a«  F,  measure  the  external  au>rle, 
wiiicb  is  less  thau  two  right  aiinrles,  and  deduct  it  from  four 
right  angles,  or  300  degrees,  the  remainder  will  give  the 
iutenjal  angle  (if  such  it  may  be  called),  which  is  greater 
than  180  degrees. 

When  the  field  is  surveyed  from  one  station,  as  iu  the 
iii'iit  caiie  Khowu  above,  the  content  of  the  figure  is  found  as 
iu  the  second  case  of  Prob.  IV.,  since  we  have  two  sides 
and  the  angle  included  between  them  in  each  triangle  of  the 
figure. 


PROBLEM  Vlir. 

To  surrey  a  field  with  crooked  hedges. 

the  lengths  and  positions  of  lines  running  as 
Dt  lies  of  the  field  as  you  can;  and,  iu  proceeding 

along  these  lines,  mea.sure  the  offsets  to  the  different  corners, 
n&  Ijefore  taoght,  and  join  the  ends  of  the  offsets;  these 
comje<'Ung  lines  will  represent  the  required  figure.  When 
th"  '.'.•..-  table  is  used,  the  plan  will  be  truly  represented 
01  r  which  covers  it.     But  when  the  survey  is  made 

Uiiu  iiiL-  liieodolite,  or  other  instrument,  the  different  mea- 
sures are  to  be  noted  in  the  field-book,  from  which  the  sides 
and  angles  are  laid  down  on  a  map,  after  returning  from 
the  field. 

In  surveying  the  piece  A  B  C  D  E  P  G  II I  K  L  M,  set  up 
murks  at  <  K  F  z.  Begin  at  the  statiou  s,  and  measure  the 
lines  s  K,  K  F,  F  x,  x  s,  tm  also  their  positions,  or  the 
angles  K  »  r,  j  E  F,  E  F  r,  ami  F  r  j;  and  in  going  along 
the  fo;  >  at  «,  //,  d, 

e".  /.,  /  ure  i  E  Fx, 

.r-d.^ 

,         ,  -  ,iu  the  figure,  as 

in  the  above  ca»e,   the  contents  of  the  exterior  portions 


246 


LAND    SURVEYING. 


s  C  B  A,  C  D  E,  &c.  must  bo  added  to  the  area  of  the 
quadralateral  s  a;  F  E.  But  when  the  principal  lines  are 
taken  outside  the  figure,  the  portions  included  between  them 
and  the  boundaries  of  the  field  are  to  be  deducted  from  the 
content  of  the  quadralateral,  and  the  remainder  will  give 
the  true  content  of  the  field. 


When  there  are  obstructions  within  the  figure,  such  as 
wood,  water,  hills,  &c.,  measure  the  lengths  and  positions 
of  the  four-sided  figure  ah  c  d,  taking  care  to  measure  the 
oflfsets  from  the  dillerent  corners  as  you  go  along. 
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PROBLEM  IX 
To  surrey  cny  jieot  of  land  bp  ttco  stations. 

Choow  two  stations,  from  which  all  the  comers  of  the 
ground  can  be  seen,  if  {wssible;  measure  the  distance  be- 
twefn  the  stations;  at  each  stutioa  take  tiie  angles  formed 
bv  every  object,  from  the  station  line,  or  distance.  Then 
I  he  6tat^ou  line,  and  these  different  angles  being  laid  dowa 
t  jiilar  scale,  and  the  external  points  of  intersection 

,  the  coiiuectintr  lines  will  eive  the  boundary. 

iuc  tvko  stai.  iliiii  the  bounds,  in  one 

of  the  sitic«,  •..  uf  the  ground  to  be 

surrejed. 


T.et  m  and  «  be  •  iis  from   which   all  the  marks 

\  ,  B   f '   kc  ,  ran  '  >n^.  the  instrument  at  m  and  by 

'    i  n,  C  m  M,  Ac.   Next  mea- 

iient  at  n,  measure  the  aQ> 

IrK  A  «  «,  H  w,  Ac.     These  observations  being 

.1   ;.-.!  tJiH  jiti.    ^ 4  the  points  of  external  intersectioo, 

true  mxp  of  the  ground.     The  method  of  lindiug 
.  .c  .  .>..^..i  will  be  chova  further  on. 

The  princ  pal  objects  on  the  ground  may  be  deliaeat«d  09 
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the  mnp,  by  mcnsuring  the  nngles  at  each  stntion,  which 
every  otject  makes  willi  the  station  line  ?«  n.  Wlien  all  the 
objects  to  be  siirveyed  caniiut  be  seen  from  two  stations, 
then  three  or  four  iiuiy  be  used,  or  as  uinny  as  may  be  found 
necessiiry;  taking  care  to  measure  the  distance  from  one  sta- 
tion to  another  ;  placing  the  instrument  at  every  station,  and 
observing  the  angles  formed  by  all  the  visible  objects  with 
tlje  respective  station  line;  then  the  intersection  of  the  lines 
forming  these  respective  angles,  will  give  the  positions  of  all 
the  rcmtirkable  objects  thus  observed. 

In  tliis  manner  may  very  extensive  surveys  be  taken;  and 
the  positions  of  hills,  rivers,  coasts,  (fee,  ascertained. 


PROBLEM  X. 

To  survey  a  large  estate. 

The  following  method  of  surveying  a  large  estate  was  first 
given  by  Emerson,  in  his  "  Surveying,"  page  47.  It  has 
been  followed  by  Huttou  and  Keith. 

When  the  estate  is  very  large,  and  contains  a  great  num- 
ber of  fields,  it  cannot  be  accurately  surveyed  and  planned 
by  measuring  each  field  separately,  and  then  adding  ail  the 
separate  results  togetlier;  nor  by  taking  all  the  angles,  and 
measuring  the  boundaries  that  enclose  it.  For  in  these 
cases  the  small  errors  will  be  so  multipled  as  to  render  it 
very  much  distorted. 

1.  Walk  over  the  estate  two  or  three  times,  in  order  to 
get  a  perfect  idea  of  its  figure.  And  to  help  your  memory, 
make  a  rongii  draft  of  it  on  paper,  inserting  the  names  of 
tI',.'  difFi-reiit  Gelds  within  it,  and  noting  down  the  principal 
objects. 

2.  C'  oose  two  or  more  elevated  placos  in  the  estate  for 
your  stations,  from  which  yon  (;an  see  all  the  principal  parts 
of  it;  and  let  tiieso  stations  be  as  far  distant  from  each  other 
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u  po>.<:ibIe,  as  the  f«irer  stations  you  hare  to  command  the 
wliule,  the  iuor«  exact  the  work  will  be. 

In  *N>le<.*tiiig  the  statlous,  care  should  be  taken  that  the 
■l\  couoect  tliem  may  ran  ttUmg  the  boundaries  of 
c,  or  some  of  the  hedges,  to  which  offketa  may  be 
iiikeu  wiien  neces^rj. 

3.  Take  such  angles,  between  the  stations,  as  you  think 
uectrssary,  aud  measure  the  distance  from  station  to  station, 
almrays  in  a  right  line;  ttitse  things  must  be  dune  till  you 
^Ht  a^  many  lines  and  angles  ad  are  sufficient  for  deter- 
!>oiute>.  In  measuring  any  of  thest) 
^  ttfcurately  where  tliese  lines  meet 
Willi  ail)  ,   laueii,  paths,  rivulets,  &c., 

and  whti  .     >•  is  placed,  by  measuring  its 

distance  fruiu  ine  hiaiiuu  line;  and  where  a  perpendicular 
from  it  cuts  that  line;  aud  always  mind,  in  any  of  these  ob- 
■errauous,  that  you  be  in  u  right  line,  which  you  may  easily 
kuow  by  taking  a  back-sigiit  aud  fore-sight,  along  the  statioa 
Hue.  lu  guiog  along  any  muiu  station  line,  take  ofif.sets  to 
the  ends  of  all  hedges,  and  to  any  pond,  house,  mill,  bridge, 
Ac,  omitting  nothing  that  is  remarkable.  All  these  things 
iuu«t  be  uoied  down;  for  these  are  the  data  by  which  the 
place*  of  buch  objecta  are  to  be  deteruiiued  ou  the  plau. 

Be  careful  to  set  up  marks  at  the  intersections  of  all 
hadgea  with  the  statiou  line,  that  you  may  know  where  to- 
mcttsiire  from  when  you  come  to  survey  the  particular  helds 
that  are  crossed  by  this  Ime. 

Thea«  fields  most  b«  measured  as  soon  as  yon  have  com- 
pleted your  statiou  line  whilst  they  are  fresh  in  your  memory. 
In  till**  ra=*iitM»r  all  th*»  station  lines  must  be  measured,  and 
the  r        ■  ielerinined.     It  will  be 

proj.  ,    .    '  every  night,  that  you 

may  tKev  how  you  go  oo. 

-I  Wifii  ri  Ni.f'it  to  the  internal  parts  of  the  estate,  they 
niiist    be  d    by    new    station    lines;   for,   after  the 

main  stau-^.,-  u.c  determined,  aud  every  thing  adjoining  to 
them,  th«u  the  estate  must  be  subdivided  into  two  or  three 

IP 
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parts  liv  new  stiition  lines:  taking  the  inner  stations  at  proper 
j/im-es,  where  you  can  liave  the  best  view.  Measure  these 
station  hues  as  voii  did  the  first,  and  all  their  intersections 
with  iiedges,  ditches,  roads,  &c.,  also  take  offsets  to  the 
bends  of  hedges,  and  to  sucii  objects  as  appear  near  these 
lines.  Tlien  proceed  to  survey  the  adjoining  fields  by  taking 
the  angles  vvliicli  tlie  sides  make  witli  the  station  line  at  tiie 
intersections,  and  mefisuriiig  tlte  distances  to  eacli  corner 
from  tliese  intersections;  lor,  every  station  line  will  be  a  basis 
to  ail  future  operations,  the  situatio:;  of  every  object  being 
entirely  dependent  on  tiiem;  ni\d  therefore  tliey  should  be 
taken  of  as  great  length  as  possible:  niid  it  is  best  for  them 
to  run  along  some  of  the  hedges  or  boundaries  of  one  or  more 
fields,  or  to  pass  throug"h  some  of  their  angles. 

All  things  being  determined  for  these  station.s,  you  must 
take  more  inner  stations,  and  continue  to  divide  and  sub- 
divide, till  at  last  you  come  to  single  fields;  repeating  the 
sanjc  work  for  tiie  inner  stations  as  for  the  outer  ones,  till 
the  whole  is  finished.  The  oftener  you  close  your  work,  and 
the  fewer  lines  you  make  use  of,  the  less  you  will  be  liable  to 
error. 

5.  An  estate  may  be  so  situated  that  the  whole  cannot  be 
surveyed  together,  because  one  part  of  the  estate  may  not 
be  seen  from  another.  In  this  case  you  may  divide  it  into 
three  or  four  parts,  and  survey  these  parts  separately,  as  if 
they  were  lauds  belonging  to  different  persons,  and  at  last 
join  them  together. 

fi.  As  it  is  necessary  to  protract  or  lay  down  the  work  as 
you  proceed  in  it,  you  must  have  a  scale  of  due  length  to  do 
it  by.  To  get  sucii  a  scale,  measure  the  wliole  length  of  the 
estate  in  cliains;  then  consider  how  many  inches  long  the 
map  is  to  be;  and  from  the.-e  you  will  know  how  many  chains 
you  must  have  in  an  inch:  then  make  your  scale  accordingly, 
or  choose  one  already  made. 

7.  The  trees  in  every  h€dge-row  may  be  placed  in  their 
proper  situation,  which  is  soon  done  by  the  }»lane  table;  but 
may  be  done  by  the  eye  without  au  iustrument;  aud  being 
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thns  tnk^n  hj  jrness  in  a  ronjrh  draft,  ther  will  be  exact 
TO  look  at;  except  it  be  such  as  are  at 
.»ce«,  as  Hi  the  ends  of  hedires,  ut  stiles, 
^;iu>,  &c,  and  li>e*«  must  he  measured  or  taken  with  tlie 
{liaiie  table,  or  80iiie  other  in!:triiBient.  But  all  this  need 
noi  l>e  done  till  the  draft  is  tinisiieJ.  And  observe,  in  all 
hfdjfes,  what  side  the  t'utter  or  d':ti-h  is  on  iiml  to  whoia 
the  ftfuc«  belongs. 

PROBLEM  XI. 

To  nurrof  a  tcv>%  or  dif. 

To  uarrey  a  town  or  city,  it  will  be  proper  to  have  nn 

iii<trumeni  for  taking  an^rles,  KQch  as  a  theodolite  or  pluue 

tj'-'t-;  the  latter  >«  a  very  conFenient  instrument,  becau.He  the 

'  M  it  on  the  h|»ot.     A  chain 

I   links,   will   be   more  cou- 

-  "    Hii   off>et 

■•  ir  '■'■   I  J   :"•  ^:  .     .  ,.  _  .1  at  ilie 

if  two  or  Uiort;  of  li.c  jir.nL-ipal  strceU,    through 

1  can  have  the  loufrest  prospects,  to  get  the  lonjrest 

■j.t   lines.     Tliere   havini^  fixed    the    instrument!*,    draw 

■   of   d.reetiou    along    t)ii'<e    ttreets,    using   two  luen   as 

!•   poleii  set  in  'uls,  or   }»erhaps  some 

K    :iio    places  in    t  •    the   further  ends,  as 

o  I,  io«!s,    doors,    comers,    4c.     Measure    tht-se    lines    with 

v..      liiiiu    tiik;ia'   <iff»et>  wiiii    il..    >i;,(f    at  all  corners  of 

■        •     I  .   remarkable   oIh 

■-,   ..& V   , «<.L-,   ..u.,-,   .•..■t(_is>,  eminent  build* 

&'•.  Tnen  remove  the  Instrument  to  auother  statioD 
_'  one  of  these  lines,  and  there  repeat  the  same 
'  <«   a«   before.     Aud   so   continue    until    the   whole   \p 

.X  the  iMtrument  at  A,  and  draw  linef  In  the  dlrec- 

t-ets  meet  .  ;  then  measure  A  C, 

.  r.     At  I  d  station  C,  draw  the 

..oi.fc  ul  all  i;ie  streets  Uietiiug  there;  measure  from  0 

-  ■  '^>,  Dotlog  tha  plac«  of  Um  tirettl  R,  as  you  paju  by  U.    A* 
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the  third  station  D,  take  the  direction  of  all  the  streets 
meeting  there,  and  measure  D  S,  noting  the  cross  street  at 
T.  Proceed  in  like  manner  through  all  the  principal 
streets,  after  which  proceed  to  the  smaller  and  intermediate 
streets;  and  last  of  all  to  the  lanes,  alleys,  courts,  yards, 
and  every  other  place  which  it  may  be  thought  proper  to 
represent  in  the  plan. 


PROBLEM  XII. 


To  compute  the  content  of  any  survey. 

1.  In  small  and  separate  pieces,  the  method  generally 
employed  is,  to  compute  their  contents  from  the  measures 
of  the  lines  taken  in  surveying  them,  without  drawing  any 
correct  map  of  them  :  rules  for  this  purpose  have  been  given 
in  the  preceding  part  of  the  work.  But  in  large  pieces,  and 
whole  estates,  consisting  of  a  great  number  of  fields,  the 
usual  method  is,  to  make  an  unfinished  but  correct  plan  of 
the  whole,  and  from  this  plan,  the  boundaries  of  which 
include  the  whole  estate,  compute  the  contents  quite  inde- 
pendent of  the  measures  of  the  lines  and  angles  that  were 
taken  in  «urveying.  Divide  the  plan  of  the  survey  into 
trIaDgl«a  and  trapeziama,  by  drawing  new  lines  through  it : 


nteasvre  all  th«  bases  aod  perpendiculars  of  all  these  uew 
fig^ares,  bj  means  of  the  scale  from  which  the  plan  via 
druwu,  and  from  these  dimensions  cunipute  the  rontents, 
uhfther  triangles,  or  trM|)ezium8,  by  ibe  proper  rules  lor 
finding  ><he  areas  of  such  tigurts. 

The  chief  diflSeultj  in  computing  consists  in  finding  the 
con*  '  'lud  bounded  by  curved  or  very  irregular  lines, 

or  ii.  .:  such  crooked  sides  or  boundaries  to  straight 

lines,  ihai  t»iiall  enclose  an  equal  area  with  those  crooked 
Sideg,  and  so  obtain  the  area  of  the  curved  figure  by  nieatis 
of  the  right-lined  one,  which  in  general  will  be  a  trapezium. 

The  reduction  of  crooked  sides  to  straight  ones  is  easily 
performed  thus : 

Apply  a  horse-hair  or  silk  thread  acrotss  the  crooked  sides 
in  such  a  manner,  that  the  Pur.Ji  pans  cut  off  from  the 
crooked  figure  Ity  it,  may  he  equal  to  those  taken  in.  A 
little  practice  will  enable  you  to  exclude  exactly  as  much 
as  you  include;  then,  with  u  pencil,  draw  a  line  along  the 
tiirrud  or  horse-hair.  Do  the  same  by  the  oilier  sides  of 
ti«e  fi<riire,  and  you  will  thus  have  the  figure  reduced  to  a 
fctrii  '.  figure  e<|ual  to  tJip  curved  one  :  the  content 

of  \^  '  uig  computed  as   before  directed,   will  b«  the 

content  of  the  carred  figure  proposed. 

The  best  way  of  using  the  thread  or  horse-hair  is.  to  string 
a  small  slender  bow  with  it,  either  uf  whalebone  or  wire. 
which  will  keep  it  stretched. 

If  it  were  required  to  find  the  contents  of  the  following 
crooked-sided  figure  ;  draw  the  four  dotted  straight  lines 
A  B,  U  C,  CD,  and  D  A,  excluding  as  much  from  the 
surrey  as  is  taken  in  by  the  straight  lines;  by  wliich  the 
crooked  figure  is  reduced  to  a  right-lmed  one,  both  equal  in 
area.  Then  draw  the  diagonal  B  D,  which  being  measured 
by  a  proper  scale,  and  multiplied  by  half  the  sum  of  the 
perpendiculars  let  fall  from  A  and  C  upon  B  D  (measof^^ 
oa  Um  9Ma»  Malt),  will  yive  th«  axaa  rei^airad. 
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Many  other  methods  might  have  been  given  for  computing 
the  contents  of  a  survey,  but  they  are  omitted,  the  above 
being,  perhaps,  the  most  expeditious. 
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MISCELLANEOUS    PROBLEMS 


1.  The  three  side*  of  a  triangle  ar«  12,  20,  and  28;  what 
U  the  area  ?  Ans.  60  ^  3. 

2.  Find  the  difference  betveen  the  area  of  a  triangle 
wiio^e  8 de«  are  3,  4,  and  6  feet;  and  the  area  uf  an  equi- 
Uteml  iriaogtt  haviug  au  equal  perimeter  ? 

Ans.   928  of  a  square  foot. 

3.  There  is  a  ee^ment  of  a  sphere,  the  di ^'■-  <>{  whose 

hase  is  24  inches,  and  its  altitude   10  iic  ired  its 

s-ulidity?  Aus.  21r.ji>.i_  luctiea. 

4    T^iereis  a  buohel  in  the  form  of  a  cylinder,  wliose  depth 
>:,  and  br^^  red  to  determine 

.ih  of  auoi  of  the  bame  cupa- 

ciijr  aa  tbe  foraier,  wImmc  deptli  ii>  ouiy  7^  inches  ? 

Ans.  19.107  inches. 

5.  A  ladder  40  feet  lonf,  may  be  lo  planted,  that  it  shall 
F..««|,  a  wiodoir  38  *'"'*  <'■■"■«  the  isroond  on  one  side  of  the 

<  t;  and  bj  only  t  over,  without  moving  the  foot 

<jtii  ui  its  place,  it  m.u  u^  i>ic  aanie  by  a  wiudow  *il  feet  high 
ou  the  other  Kidc;  what  ia  the  breadth  of  the  litreet  ? 

Ant.  56  feel  TJ  inches. 

6.  In  tvmiug  a  one-hone  chaise  within  a  ring  of  a  certaia 
dtumeter,  it  was  obaerred  that  the  o  -i  luada  tM 
luniB  while  the  inner  made  but  Obe;  <  ^a  w«r«  botfi 
4  feeC  Jdyh ;  aacl  Mippniing  ibem  fixed  at  liie  itatatable 
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distance  of  5  feet  asunder  on  the  axle-tree,  what  was  the 
circumference  of  the  track  described  by  the  outer  wheel  ? 

Ans.  63  feet,  nearly. 

I.  A  cable  which  is  3  feet  long,  and  9  inches  in  compass, 
weighs  22  lbs.;  what  will  a  fathom  of  that  cable  weigh,  which 
measures  a  foot  about  ?  Ans.  78|  lbs. 

8.  How  many  solid  cubes,  a  side  of  which  equiils  4 
inches,  may  be  cat  out  of  a  large  cube,  whose  side  is  8 
inches  ?  Ans.  8. 

9.  Determine  the  areas  of  an  equilateral  triangle,  a  square, 
a  hexagon,  the  perimeter  of  each  being  40  feet  ? 

-4715.  16-980035  —  100  —  116-41. 

10.  A  person  wants  a  cylindrical  vessel  3  feet  deep,  that 
shall  contain  twice  as  much  as  another  cylindrical  vessel 
whose  diameter  is  3|  feet,  and  altitude  5  feet  ;  find  the 
diameter  of  the  required  vessel  ?  Ans.  6'39  feet. 

II.  Three  persons  having  bought  a  conical  sugar-loaf, 
wish  to  divide  it  into  three  equal  parts  by  sections  parallel 
to  the  base;  it  is  required  to  find  the  altitude  of  each  person's 
share,  the  altitude  of  the  loaf  being  20  inches  ? 

Ans.  Altitude  of  the  upper  part  =  13-867,  ofthe  middle 
part  =  3  604,  of  the  lower  part  2528  inches. 

12  There  is  a  frustum  of  a  pyramid,  whose  bases  are 
regular  octagons;  each  side  of  the  greater  base  is  21  inches, 
and  each  side  of  the  less  base  9  iuches,  and  its  perpendicular 
length  15  feet,  how  many  solid  feet  are  contained  in  it  ? 

Ans.  119-2  feet. 

13.  Requiring  to  find  the  height  of  a  May-pole,  I  pro- 
cured a  statf  5  feet  in  length,  and  placing  it  in  the  sunshine, 
perpendicular  to  the  horizon,  I  found  its  shadow  to  be  41 
feet.  Next  I  measured  the  shadow  of  the  May-pole,  which 
I  found  to  be  65  feet;  from  this  date  the  height  of  the  pole 
is  required  ?  An^.  79.26  feet. 

14.  Given  two  sides  of  an  obtuse-angled  triangle,  which 
are  20  and  40  poles;  required  the  third  side,  that  the  tri- 
aofirle  may  contain  juat  an  acre  of  land  ? 

Ans.  68-810  or  23-099. 
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15.  A  circular  fish-pond  is  to  be  made  in  a  garden,  that 
shall  take  up  jo«t  half  an  acre;  what  must  be  the  length  of 
the  chord  that  strikes  the  circle?  Ans.  27 1  yards. 

16.  A  feaUemau  bait  a  garden  100  feet  long,  and  80  feet 
broad.  Now  a  gravel  wulk  is  to  be  made  of  an  equal  width  all 
round  it;  what  mast  the  breadth  of  the  walk  be,  to  take  up 
just  half  the  ground  ?  Am.  12  9846  feet. 

17.  A  tilrer  cap,  in  form  of  a  fnutam  of  a  cone,  whose 
top  diameter  is  3  inches,  its  bottom  diameter  4,  and  its  alti- 
tade  6  inehe«,  being  tilled  with  liquor,  a  person  drank  out  of 
it  till  be  could  see  the  middle  of  the  bottom;  it  is  required 
to  fiud  bow  much  he  drauk  ?        Ans.    162127  ale  gallons. 

18.  I  have  a  right  cone,  which  cost  me  £5  Vis.  Id.,  at 
10«.  a  cubic  foot,  the  diameter  of  its  base  being  to  its  altitude 
as  5  to  8;  and  would  have  its  convex  surface  divided  in  the 
same  ratio,  bj  a  plane  jtarallel  to  the  base;  the  upper  part 
to  be  the  greater;  required  the  slant  height  of  each  part  ? 

.        {  3-9506486,  the  slant  height  of  the  upper  part. 
(  1  0854612,  the  slant  height  of  the  under  part. 

19.  How  many  acres  of  the  earth's  surface  may  be  seen 
from  the  top  of  a  steeple  whose  heijrht  is  400  feet,  the  earth 
beii  --d  to  be  a  perfect  -  t-ircumference 
ia  2.               •  i.                  Ans.l^.                      .7112  acres. 

20.  Two  boys  meeting  at  a  farm-house,  had  a  tankard  of 
milk  set  down  to  them;  the  one  being  very  thirsty  drank  till 
be  could  see  the  centre  of  the  bottom  of  the  tankard;  the 
other  drank  the  rest.  Now,  if  we  suppose  that  the  milk 
coat  i^d.,  and  the  tankard  measured  4  inches  diameter  at 
the  top  and  bottom,  and  6  inches  in  depth;  it  is  required 
to  know  what  each  boy  bad  to  pay,  proportionable  to  the 
qnantity  of  milk  be  drauk  ? 

.        )  14  1802815  farthings  for  the  firat. 
'^*''  i    3  8197185  farthings  for  the  second. 
SI.  If  the  linear  side  of  a  certain  cube,  be  increased  one 
Inch,  th«  turfsce  of  the  cube  will  be  iucreaaed  246  square 
indMtf  :  d«t«naiAe  tbe  tide  of  the  cube. 

Amm.  80  Ucbw. 
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22.  If  from  a  piece  of  tin,  ia  the  form  of  a  sector  of  a 
circle,  whose  radius  is  30  inches,  and  the  length  of  its  arc 
36  inches,  be  cut  another  sector  whose  radius  is  20  inches; 
and  if  then  the  remaining  frustum  be  rolled  up  so  as  to  form 
the  frustum  of  a  cone;  it  is  required  to  find  its  content, 
supposing  that  one-eighth  of  an  inch  to  be  allowed  off  its  slant 
height  for  the  bottom,  and  the  same  allowance  of  the  circum- 
ference, of  both  top  and  bottom,  for  what  the  sides  fold 
over  each  other,  in  order  to  their  being  soldered  together? 

Ans.  685  3263  cubic  inches. 

23.  Three  men  bought  a  grinding-stone  of  40  inclies  dia- 
meter, which  cost  205.,  of  which  sum  the  first  man  paid  9^., 
the  second  &s.,  and  the  third  55.,  how  much  of  the  atone  must 
each  man  grind  down,  proportionably  to  the  money  he  paid  ? 

A7IS.  The  first  man  must  grind  down  5  161603  inches  of 
the  radius;  the  second  4"832397  inches,  and  the  third  10 
inches. 

24.  There  h  a  frustum  of  a  cone,  whose  solid  content  is 
20  feef.,  a.r)d  its  length  12  feet;  the  greater  diameter  is  to  the 
luso  as  5  to  2 ;  what  are  the  diameters  ? 

.        ^  2-02012  feet. 
^^"*-   }    -80804  feet. 

25.  A  farmer  borrowed  of  his  neighbour  part  of  a  hay- 
rick, which  measured  6  feet  in  length,  breadth,  and  thick- 
ness; at  the  next  hay-time  he  paid  back  two  equal  cubical 
pieces,  each  side  of  which  was  4  feet.  Has  the  debt  been 
discharged  ?  Ans.  No;  88  cubic  feet  are  due. 

26.  There  is  a  bowl  in  form  of  the  segment  of  an  oblong 
spheroid,  whose  axes  are  to  each  other  in  the  proportion  of 
3  to  4,  the  depth  of  the  bowl  one-fourth  of  the  whole  trans- 
verse axis,  and  the  diameter  of  its  top  20  inches;  it  is  re- 
quired to  determine  what  number  of  glasses  a  company  of 
10  persons  would  have  in  the  contents  of  it,  when  filled, 
using  a  conical  glass,  whose  depth  is  2  inches,  and  the 
diameter  of  its  top  an  inch  and  a  half. 

Ans.  11 4  044497 6  glasfies  each. 

^1.  U  9,  cubical  foot  of  brass  were  to  be  drawn  iuto  wire 
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of  j\  of  an  inch  in  diameter;  it  is  required  to  determine  the 
length  of  the  said  wire,  allowing  no  loss  in  the  nit* tal  ? 

Ans.  5o(  miles. 

28.  How  many  shot  are  there  in  an  unfinislied  oblong 
pile,  th«  lengtii  aud  breadtli  of  vhose  base  being  48  aai  30, 
and  the  length  and  breadth  of  the  highest  courtie  be  ng  24 
and  6?  Ahx    17356. 

*2y.   How  n'  ■    are   there   in  an  unfinished  oblong 

pile  of  li  CO  th  and  breadth  of  the  top  contain 

40  Hud  1<  dy  ?  Aiu.  S«06  siiot. 

30.  Ol  ■  innst  the  bore  of  a  cannon  l.e  cast 
for  a  buli  ot  '2-i  \K'  -iit,  so  that  Uie  diameter  of  the 
bore  may  be  yj  ot   .:              'uure  than  that  of  the  ImiII  '! 

Ans.  5757098  inches. 

31.  Wli!\t  is  the  content  of  a  tree,  who!>e  length  is  17^ 
feet,  and  :s  in  five  diflFercnt  places  as  foUows,  viz, 
in  the  fir.-i  ,  ...v.  U  43  feet,  in  tlie  second  702,  in  the  third 
6  15,  iu  the  fourth  4  74,  and  the  fifth  3  16? 

Avi.  42.5195. 
82.  What  three  numbers  will  express  the  proj)orlion.s  snb- 
'        '  11  the  solidity  ■  •  '    rt^  that  of  the  circum- 

•r,  and  cireuui  'luiluterul  eone  ? 

Am.  4,  G,  9. 
S3.  Given  tiie  side  of  au  equilateral  triangle  10,  it  is  re- 
quired to  tiud  the  radii  of  it*  circuuibcribiug  circle  '( 

Ans.  5  7"CC. 
34.  Given  t:  ':ir  of  a  plane  triasigl*  300,  the 

sum  of  the  tw..  and    the   difference   of  the  seg- 

ment of  the  baae  490;  required  t  <  d  tlie  kide>  '! 

>,  375,  and  7sO. 

o)     A  •'  is    30   leei  high,  and   the  op- 

I  ,    '  >  u  right  an;:h',  at  tlie  top,  tiio 

ire   10  feet  and   12;  the  end  <»f  the 

iH.'i..r  witlj,  and  rue  rersj;  rrtjuired 

supports  the  ridge  of  the 

1  ...1    .....i  lii.    ...... Ml. I  ...  I ■.j...ve  * 

A»t.  41  803,  leugth  of  upright,  and  12  feet  tiie  breadth 
of  the  huuM. 


260 
A  TABLE 

OF  THE  AREAS  OF  THE  SEGMENTS  OF  A  CIRCLE, 
fVliose  diameter  is  1,  and  supposed  to  be  divided  into  1000  equal  parts. 


\    F!.-glf. 

Arcn  S,g. 

Height. 

Area  '-g.  1 

Hojht.  1 

Arc.Seg.  j 

Height,  j 

A,e.  leg. 

•001 

•000042 

•038 

•009763 

-075 

•026761 

•112 

•048262 

•002 

•000119 

•039 

■010148 

•076 

•027289 

•113 

•048894 

•00-5 

•00(;219 

•040 

■010537 

•077 

•0-27821 

•114 

•0495-28 

•004 

■000337 

•041 

•010931 

•078 

•028356 

•115 

•050165 

•OO.J 

•000470 

•042 

•011330 

■079 

•028894 

•116 

-050804 

•00t5 

■000618 

•043 

•011734 

■080 

■029435 

•117 

•051446 

•007 

•000779 

•044 

•012142 

■081 

•030979 

•118 

•05-2090 

•oos 

•000951 

•045 

•012554 

■082 

•030526 

•119 

•052736 

•000 

•001135 

•04(3 

•012971 

■083 

■081076 

•120 

•053385 

•010 

•001329 

•047 

•013392 

■084 

•031629 

•121 

•054036 

•Oil 

•001533 

•048 

•013818 

■085 

•032180 

•122 

•054689 

•012 

•001740 

•049 

•014-247 

•08:3 

•03-2745 

•123 

•055345 

•013 

•0019i)8 

•050 

■014(381 

■087 

•033307 

•124 

•05()003 

•014 

■002199 

•051 

■015119 

■088 

•033872 

•125 

•056(563 

•015 

•002438 

•052 

•015561 

■089 

•034441 

•1-26 

•0573-26 

\   •Oiti 

•002:;85 

•053 

•016007 

■090 

•035011 

•127 

•057991 

\   •OIT 

•002940 

•054 

•016457 

■091 

•035585 

•128 

•058658 

•018 

•003-202 

•055 

•016911 

■092 

■036162 

•120 

•059327 

•019 

■003471 

•05i; 

•017369 

■093 

•03(5741 

•130 

•059999 

•020 

■003748 

•057 

■017831 

•094 

•037323 

•131 

•060672 

•021 

•004031 

•058 

•018296 

•095 

■037909 

•132 

•061348 

•022 

•004322 

■059 

•018766 

•096 

■038496 

•133 

•062026 

J  02;] 

■001618 

•0(50 

•019-239 

■097 

•039087 

•134 

•062707 

a  ^024 

•004921 

•0(51 

•019716 

■098 

■039(580 

•135 

•063389 

•02.-) 

•005230 

•0-32 

•020196 

•099 

•040-27G 

•136 

•064074 

•020 

•00554(3 

•0(53 

•020(581 

•100 

■0J0875 

•137 

•064760 

•027 

•0058(57 

•0G4 

•021168 

•101 

•041476 

•138 

•065149 

•028 

■  0001 94 

•0(55 

•021  ()59 

•102 

•042080 

•139 

•066140 

•02il 

•000527 

•0(56 

•0-22154 

•103 

•042687 

•140 

•066833 

•030 

•00^)805 

•0f)7 

•0-22(552 

•104 

•043296 

•141 

•0675-28 

•0.51 

•007209 

•068 

•023154 

•105 

•043908 

•142 

•068225 

0:!2 

■007558 

•0(59 

•023659 

•106 

•0445-22 

•143 

•068924 

•0:t8 

■007913 

•070 

•0241(58 

•107 

-045139 

•144 

•069625 

■O.il 

•008273 

•071 

•024(580 

•108 

■045759 

•145 

•070328 

•oafj 

■008138 

•072 

•0-25195 

•109 

■046381 

•146 

•071033 

•OH!'. 

•((09008 

•073 

•0-25714 

•110 

■047005 

•147 

•071741 

•037 

•009383 

•074 

•0-26236 

•111 

•047632 

•148 

•072150 
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K.^..         i  ,-  %,« 

H*^t 

*-^ 

ii«<fci 

^•>  -^t 

u,^, 

;     .*"•  •«#. 

•iiy    orauji 

I:":f 

•1070J1 

•2jy 

•I440U1 

284 

1  •]h3oiy 

•l.iU      •     ■■-'■!■ 

•   11.  >>i  ' 

•J40 

•144^44 

•285 

•184521 

•151 

•241 

•I4u7yy 

•i8«i 

•1854 25 

•Ifvj 

•242 

•14-Jt}5o 

•287 

•18032y 

•243 

•147512 

•283 

•i  87^234 

•244 

•14^371 

•28i» 

•188140 

•24J 

•14^230 

•2H0 

•18V'U47 

•-'Id 

•15U0.»1 

•2t»l 

•18«y55 

•247 

•150y53 

••2't»2 

•lt«ib'>} 

•248 

•16IM0 

•2i«3 

•191775 

•24y 

•  lo-JQ^O 

•2<»4 

•l[t2084 

•2J0 

■ I5oo4o 

2.^0 

•iy35yi) 

-251 

•154412 

•2iM> 

•iy4"A)y 

•2-'*2 

•156-2JW 

•2117 

•iy5422 

•2ja 

•I5*jl4y 

•2»8 

•iy0337 

••2'>4 

.I570iy 

■.i:rj 

•ly72-i2 

.^l 

•2:0 

•i.-i 

•li-fjr 

•255 

•1678JU 

•300 

•19810H 

4* 

120712 

•2.VJ 

•1587132 

•301 

•lyyos-j 

••ii2 

•12I6-2J 

•2-J7 

•15yu3o 

•3(>2 

•■20oo();{ 

213 

rij:i»7 

•2-'>8 

10«J.31U 

30  < 

•■2i'<i,'22 

IV 

•214 

•  l-jy,,  - 

■  '-1  '-.; 

•3«J4 

•201K41 

•i:u 

•215 

•IL 

•30) 

•202701 

•171 

2I»J 

r.i 

•3Ud 

•2<>3t>i3 

■ITJ 

217 

•]2i.»4 

•2.J2 

•it;4uij 

•307 

•204tJ0-'> 

•17.' 

•2I« 

•i-j.;4--«* 

•2:3 

•I'UKyi* 

•308 

•20--.627 

•174 
•17.) 

-  -  .    ; 

•309 
•310 

•2<vi451 
•2H7370 

•170 

1   - ,  '^^j 

•311 

•2>»(vii.H 

•J77 

•207 

•168430 

•212 

•2"»y227 

•i:-^ 

-  ■  ■ 

■1  or;  1-5 

•313 
•314 
•315 

•210154 
•2I1»»82 
•212011 

■  ',  ; 

■\.  '..i.ri 

•310 

•21 2  MO 

•272 

172-*iJ7 

317 

•213^71 

•278 

•173758 

•318 

•214802 

1 

•274 

•17404y 

•319 

•2!67;i3 

•17.0 -.12 

•3-30 
•821 
•3-22 
•823 
•324 
•8-2) 
•3-2-1 

•  2 1  •)«<00 

•2i76i»y 

•2IK.J33 

•2iy4';H 

•22O404 
•2-il34ii 
•222277 

■ 

^ 

, 

liJ.'lS 

•327 

•22.i2l5 

-•    I'-^'H 

ik.i,'. 

32-* 

•224164 
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Hrishl 


•;]2j 

•330 
•331 
•33J 
•333 
•334 
•335 
•33t> 
•337 
•338 
•339 

•341 

•312 
•343 
•344 
•345 
•34)) 
•347 
•34S 
•34'.i 
•350 
•351 
•352 
•353 
•354 
•355 
•35(5 
•357 
•358 
•359 
•360 
•3>$l 
•31)2 
•3-J3 
•3'i4 
•3i)5 
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